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Conmerclal  castable  refractory  ceramics  can  now  be  economically  fabricated  Into 
tools  for  hydroform  blocks,  draw  dies,  braze  and  heat  treatment  fixtures,  stress 
relief  fixtures,  and  stretchform  dies  that  will  withstand  operating  temperatures 
in  the  1500°-  20C0°F  range  for  use  in  fabrication  of  the  newer  high-teifflperature 
alloys . 


Ifeny  of  the  newer  high  strength  -  high  temperature  alloys  req.uire  hot  forming 
and  thermal  treatment  tooling  capable  of  operation  at  teniperatures  up  to  2000°F, 
above  the  usefullness  of  plastics,  kirksite,  lead,  etc.  While  hard  metallic 
tooling  such  as  meehanlte  and  high  nickel  alloys  which  req_uire  machining  to 
fir^l  dimensions,  mt^t  suffice,  it  was  felt  that  cast  to  dimension  ceramic  tool¬ 
ing  would  be  more  economical. 

A  world  wide  search  for  potential  formulations  was  imde,  resulting  in  the  evalu¬ 
ation  of  153  cerardc  compositions.  Of  these,  9  have  been  found  satisfactory  for 
the  high  teniperature  tooling  applications.  ~  " 


Laboratory  and  production  size  tooling  have  been  proven  for  up  to  200CPF  hydro¬ 
forming  and  stretchforming,  stress  relieving,  heat  treating,  and  brazing.  [ 
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When  CJovernment  drawings,  specifications,  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related  Government  procurement  oper¬ 
ation,  the  United  States  Government  thereby  incurs  no  responsibility  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other 
data,  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any  manner 
licensing  the  holder  or  any  other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufactxire,  use,  or  sell  any  patented  invention  that  may  in  any 
way  be  related  thereto* 

This  document  contains  information  affecting  the  National  Defense  of  the  United 
States  within  the  meaning  of  the  Espionage  Laws,  Title  l8,  U.S.C,,  Sections 
793  and  ^9k,  Its  transmission  or  the  revelation  of  its  contents  in  any  manner 
to  an  unauthorized  person  is  prohibited  by  law. 

Qualified  requesters  may  obtain  copies  of  this  report  from  ASTIA,  Document 
Service  Center,  Arlington  Hall  Station,  Arlington  12,  Virginia. 

Copies  of  AMC  Technical  Reports  shoiild  not  be  returned  to  the  AMC  Aeronautical 
Systems  Center  unless  return  is  required  by  security  considerations,  contractural 
obli^tions,  or  notice  on  a  specific  document. 
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This  Final  Technical  Er^lneering  Renort  covers  all  work  performed  under 
Contract  AF33(600)-36888  from  5  June  1958  to  31  December  i960.  The  manuscript 
was  released  by  the  Contractor  30  December  I960  for  publication  as  an  AMC 
Technical  Report. 
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7-669,  ’IJon-Metallic  Tooling  for  High  Temperature  Applications".  It  was  ad- 
mlnirtered  under  the  direction  of  Mr.  Bert  E.  Pilce,  Jr.,  of  the  Fabrication 
and  Components  Branch  (LMBMiF),  Manufacturing  and  Materials  Tbchnology  Division 
(TJ'BK),  AMC  Aeronautical  Systems  Center,  Wright- Patterson  Air  Force  Base,  Ohio. 
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Mr.  R.  B.  Cantley,  Supervisor 

Mr.  J.  L.  Peters,  Asst.  Unit  Engineer 
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This  report  has  the  Lockheed  designation  WiRI;  Jj3a.00. 
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tractor  wants  especially  to  acknowledge  its  indebtedness  to  the  Dattelle 
Memorial  Institute  and  to  the  Georgia  Institute  of  Technology. 

The  nrimary  objective  of  the  Air  Force  Manxifacturing  Methods  Program  is  -to 
increase  producibility,  and  improve  the  quality  and  efficiency  of  fabrication 
of  aircraft,  missiles,  and  components  thereof.  This  renort  is  being  dissemi¬ 
nated  XT’  order  that  methods  and/or  equipment  dereloped  maybe  used  throughout 
industroi-,  thereby  reducing  costs  and  giving  AIR  FORCE  PER  DOLLAR". 

Your  comments  are  solicited  on  tiio  potential  utilization  of  the  information 
contained  herein  as  apnlied  to  your  nresent  or  future  production  programs.  S\jg- 
gestions  concerning  aciditional  Manufacturing  Methods  development  required  on 
this  or  other  subjects  will  be  appreciated, 
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GEIffilAL  imODUCTION 


BACKGROUND 


This  report  covers  work  which  imd  its  inception  in  October,  1937 j  when  the 
Contractor  responded  to  a  request^ for  proposal  from  the  Production  Planning 
and  Materials  Section,  Research  and  Development  Branch,  Specialized  Procurement 
Division,  Air  Materiel  Command  of  the  United  States  Air  Force,  The  RFP  asked 
for  a  proposal; 

"Covering  the  procurement  of  Investigation  and  evaluation  of  available 
high-teinperature ,  high-strength  ceramic  formulate  and  techniques  as  a 
background  for  developing  and  designing  various  types  of  .ceramic 
tooling  for  use  In  fabrication  of  the  newer  high-teirperature  alio’"s, 
in  accordance  with  Exhibit  "A"  attached  hereto.  Such  tooling  will  with¬ 
stand  operating  temperatures  in  the  600°F  -  1500%  range." 

The  Exhibit  "A"  mentioned  above  has  as  Its  objective: 

"To  develop  low  temperature  curing  castable  refractories  and/or  ceramics 
for  use  as  tooling  for  the  fabrication  of  the  newer  high-ten5>erature 
alloys.  The  applications  under  consideration  eure  those  wherein  the 
greater  portion  of  the  stresses  in^xised  are  compressive.  The  types  of 
tooling  Investi^ted  and  developed  should  Include,  but  not  be  limited  to, 
hydroform  blocks,  draw  dies,  braze  fixtures,  stress  relief  fixtures  and 
stre'Eclform  blocks  (dies)." 

The  Contractor’s  reply  to  the  RFP,  a  proposal^ ("Development  of  Hoa- 
Metallic  Tooling  for  High  Temperature  Applications"),  resulted  in  the  award  of 
Contract  No.  AF  33(600)36888  on  May  3/  1958 •  The  Work  Statement  of  the  contract 
is  Exhibit  1  of  this  report. 

The  Contract  Work  Statement  calls  for  the  conduct  of  this  Investigation  in 
six  phases: 

I  -  Background  Investigation 

II  -  Materials  Development 

III  -  Tooling  and  Reinforcement  Developuent 

IV  -  Tooling  Evaluation 

V  -  Standardization  of  Tool  Design 

VI  -  Final  Report 

Table  1  gives  the  time  span  for  the  accomplishment  of  this  Investi^tion, 
for  which  this  report  is  the  Pinal  Report,  Pha,se  VI,  of  the  Work  Statement, 


*Note:  The  numerical  superscripts  refer  to  references  given  in  the  Reference 
Section,  Page  it-73. 
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In  general,  tlie  reporting  1b  done  chronologically,  step -by-step,  through 
the  first  five  phaseo,  Eovever,  as  the  Contractor  continually  reviewed  his 
data,  in  view  of  subseq^uent  findings,  he  son^tlseB  found  occasion  to  retest. 

The  results  of  the  retesting  were  fre<iuently  "brought  back"  and  reported  along 
with  the  analogous  initial  data.  As  a  mtter  of  interest,  the  retesting  was 
stlU  being  done  during  the  Deceaber  co^letlon  of  Phase  7, 

The  nine  bar  graphs,  Plgures  77  thru  05,  which  reduce  the  basic  evaluation 
data  of  Table  15  to  more  useable  form,  reflect  test  data  gathered  during  the  last 
awnth  of  the  investigation,  although  the  bulk  of  the  work  was  done  prior  to  July, 

1959. 

A  note  of  explanation  about  the  coding  used  to  identify  the  hundreds  of 
specimens  shown  in  Figure  1,  Page  13,  and  mentioned  throughout  the  report  is 
given  for  the  reader’s  benefit,  A  typical  code  number  is; 


3,1.5A.l-6 

Where  "3.1,"  Is  a  prefix  tying  ceramic  tooling  into  the  Contractor's 
filing  system.  This  porcfix  was  dropped  during  the 
investi^tion. 

"5"  Is  representative  of  any  nusdier  and  indicates  a 

particular  supplier  of  refractory  ceramic  'MBtables. 


"A"  is  representative  of  any  letter  and  indicates  a 

particular  product  of  the  supplier  whose  code  muiber 
precedes  it. 


"1"  is  any  number  and  indicates  a  division  of  a  eompiny 
supplying  products,  (Actually  this  designation  was 
ei^loyed  on  only  one  occasion  -  to  differentiate  among 
the  divisions  of  fte  Carborundum  COKpany.) 

"-6"  is  representative  of  any  number  and  indicates  a 
specific  specimen. 


For  simplicity's  sake  code  numbers  have,  at  times,  been  abbreviated  to 
"5A"  instead  of  "3»1»5A,1"  or  "5A.1".  The  code  key  is  presented  as  Table  ^5, 
Page  10. 
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The  Contractor  decided  early  to  evaluate  the  castable  refractories  for  three 
msln  purposes, 

1.  Unflred  tools  used  at  roc»  temperature  (with  resistance  heating}  / 

2.  Fired  tools  used  at  room  temperature  (with  resistaoee  beating)  I 

3.  Fired  tools  used  at  temperatures  to  2000  F  I 
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la  performing  the  evaluation,  first  consideration  was  given  to  the  following 
mcasureahle  properties: 

1.  Modulus  of  rupture,  room  tea^serature  and  2000  F 

2.  Drying  or  firing  size  change 

3.  Surface  finish 

A  linear  measuren^nt  method  was  devised  for  depicting  the  worth  of  a  prom¬ 
ising  material,  giving  thought  to  strength  (modulus  of  rupture)  from  which 
■^nalties  were  mde  for  surface  finish  and  drying  or  firing  size  change. 

Perhaps  one  of  the  greatest  contributions  of  this  report  is  the  series  of 
three  tables  (l6,  17>  and  l8  on  Pages  135,  138  and  l4l)  and  nine  bar  graphs 
(Figures  77  thru  85  on  Pages  l88  thru  196)  which  reduce  the  evaluation  data  from 
111  comnsrclal  refractory  ceramic  castables  to  conveniently  usable  form,  jp^p^nd- 
ing  upon  the  anticipated  use  of  a  tool,  a  material  (or  choice  of  several Jpay  be 
readily  found  from  the  appropriate  bar  graph.  These  graphs  rank  the  better 
TSteftais  In  regird  to: 

1.  Surface  finish 

2.  Drying  size  change 

3.  Firing  size  change 

4.  Unflred  strength 

5.  Fired  strength  at  room  temperature 

6.  Fired  strength  at  2(XX3  F 

7.  Composite  of  unfired  strength,  drying  size  change  and  surface  finish 

8.  Composite  of  fired  strength  at  room  teirperature ,  firing  size  change 
and  surface  finish 

9.  ConiKJsite  of  fired  strength  at  2000  F,  firing  size  change  and  surface 
finish 

For  hydraulic  setting  castables,  this  initial  evalmtion  resulted  in  the 
closer  definition  of  two  variables  of  placen«at  -  vibration  and  aiKJunt  of  added 
water.  Phase  II  reports  the  preliminary  effort  to  standardize  the  vague  word 
"vibrate"  found  in  so  many  instruction  sheets.  Phase  II  also  describes  the  care 
with  which  esqjerlmentation  was  done  to  arrive  at  the  minlmm  amount  of  accurately 
measured  water  req.utred  for  placement  of  the  hydraulic  setting  type. 

These  two  variables,  when  subject  to  close  control,  enable  the  placement 
of  castings  with  higher  density,  strength  and  better  surface  finish.  This 
situation  is  more  apparent  from  the  data  of  Tables  I6,  I7  and  I8,  which  in  many 
cases  show  the  modulus  determined  in  this  investigation  to  be  greater  than  that 
reported  by  the  supplier. 

The  determination  of  the  hot  modulus  of  rupture  provides  an  almost  unique 
contribution  to  the  Uteratinre  of  castable  refractories  as  very  few  suppliers 
had  such  infonmtlon  on  their  products. 

An  investigation,  reported  in  Phase  III,  was  made  to  determine  the  feasl- 
hility  of  reinforcing  castable  refractories  and  the  effect  of  weathering  on  them. 
Two  reinforceiiKnts,  expanded  mild  steel  and  I&var  rods,  are  useful,  but  their 
benefit  in  a  fired  castable  is  a  function  of  the  coefficient  of  thermal  expansion 
of  the  castable,  Althou^  the  weathering  tests  were  not  exhaustive,  it  does  not 
appear  advisable  to  store  ceramic  tooling  outdoors  in  cold,  wet  weather. 
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Phase  HI  also  reports  the  results  of  a  themal  shock  test  of  several 
Eaterlals  of  low  coefficient  of  thermal  expaanicn.  The  fused  silica  material. 
Code  25A.1,  is  shown  to  he  uniquely  superior  in  this  regard. 

The  transition  between  standard  brick  test  specimens  and  production  size 
tools  was  bridged  with  laboratory  size  tools.  For  these,  nine  mterlals  from 
among  the  leading  contenders  of  Tables  l6,  17  and  iB  were  used. 

Production  size  tools,  some  of  which  wei^  nearly  a  ton,  have  been  made  in 
both  solid  and  cap  types.  These  tools  represent  hydroform  blocks,  stretchform  j 
blocks,  heat  treat  draw  (temper)  fixtures,  heat  treat  fixtures  ana  draw  dies. 
All  tools  have  performad  satisfactorily  except  the  draw  dies  which  require  a 
continued  investigation. 

During  the  time  of  the  "state  of  the  art"  survey,  the  ceramics  industry 
frequently  gave  the  iiapression  that  castable  refractories  were  impractical  for 
mking  large  tools.  Several  reasons  were  given:  drying,  with  its  attendant 
long-time  and  elaborate  humidity  control  and  firing  difficulty  were  the  prliaary 
reasons.  Others  were  anticipated  placement  difficulties,  rough  surface  finish, 
low  strength  and  low  thermal  shock  resistance. 

This  Investigation  has  dispensed  with  some  of  these  fears.  It  has  not  been 
necessary  to  pack  the  tools  in  vet  sawdust  for  a  month  at  a  time  prior  to  being 
put  in  an  oven  for  Blmllar  time  periods.  By  using  plastic  films  and  wet  burlap 
wraps,  to  retard  too-fast  initial  evaporation,  together  with  150  F  and/or  220  F 
ovens  the  entire  drying  cycle,  prior  to  firing,  has  been  reduced  to  about  three 
weeks • 

Placement  has  not  proved  to  be  a  problem  with  the  vibration  cast  materials: 
it  has,  however,  with  the  ram  cast  materials.  (This  is  described  in  Hiase  IV») 
Placement  problems  with  the  production  size  tools  have  been  minimized  by  using 
the  knowledge  and  the  skill  of  the  placement  art  aojulred  during  the  initial 
investigation  mking  standard  size  brick  specimens. 

This  investigation  has  proven  commercial  refractory  ceramic  castables  to 
be  -  practical, 

economical 
♦reliable  and 
reproducible 

when  used  as  high  teii5)erature  (up  to  2000  F)  tooling  for  - 

hydroform  blocks, 
stretchform  blocks, 
draw  heat  treat  fixtures, 
brazing  fixtures, 
stress  relief  fixtures  and 
heat  treat  fixtures. 


♦Forming  tools  have  short  Ufe,  8  parts  inaxlmum  in  some  applications 
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In  particular,  this  Investigation  has  shown  coMuercial  refractory  ceramic 
cactables  to  be  suitable  for  the  hl^  temperature  hyftropress  forming  of  - 

Aisi  120  martensitic  stainless  steel, 

HM21A.  magnesium-thorium  alloy, 

Rene'  ^1  nickel  alloy, 

B-120  VGA  titanium  alloy, 

HS25  {l-605)  cobalt  alloy, 

VascoJet  1000  chromium  ferritic  steel, 

M-155  austenitic  steel,  and 

PH15-7M0  precipitation  hardening  stainless  steel. 
Finally,  this  investigation  has  shown  that  for  the  described  uses,  the  commercial 
refractory  ceramic  castable  are  » 

cast  to  dimensions, 
ine:q>enslve , 

cureable  in  short  times  at  relatively  low  ten^jeratures, 
high  in  strength  at  elevated  teniperatures, 
dimensionally  stable  at  operating  temperatures, 
highly  resistant  to  repeated  thermal  shock, 
capable  of  economical  quick  repair  or  replacement,  and 
adaptable  to  either  cap  or  solid  core  types. 

Toward  the  end  of  the  contract  (late  October  i960)  the  Contractor  solicited 
certain  castable  refractory  suppliers  for  price  and  delivery  information  on  their 
products.  This  information,  given  in  Table  Page  9,  pertains  to  the  final 
selection  of  mterials  and  gives  costs  as  of  Woveniber  1^0. 


CONCLUSIOHS 


Low  tei^rature  curing  castable  ceramics  can  be  used  for  tooling  for  fabri¬ 
cation  of  the  newer  high  tengjsrature  alloys,  such  asj 

1.  EhSlA,  mgneslum-thoriua 

2.  Rene'  hi,  nickel  base 

3.  B-120  VGA,  titanium 
h.  ®25,  cobalt  base 

5.  VascoJet  1000  (l-U),  %  chromium-ferritic 

6.  N-155,  chromium,  nickel,  cobalt-austenitic 

7.  PSI5-7M0,  chromium,  nickel,  molybdenum  precipitation 
hardening  stainless  steel. 

Specific  conclusions  for  each  type  of  fabrication  tool  follows. 

Hydroform  Blocks  (Rubber  Forming) 

1.  Hydroform  blocks  for  forming  high  temperature  alloys  should  be  cast  from 
ii»terlal  Code  8b.1,  Norton  Comjwny's  33-HD,  unfired. 

2.  Molds  should  be  constructed  of  dense  plaster  and  sealed  or  of  plastic. 

.  A  suitable  parting  agent  is  peanut  oil. 
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*)•,  Castings  shoxild  be  monolithic  and  have  a  minimum  thickness  of  3  Inches,  and 
radii  as  large  as  part  configuration  will  permit. 

5.  Either  external  or  internal  vibration  should  be  used  to  aid  pLacement. 

6.  Moisture  should  be  used  during  the  drying  period,  covering  with  vet  birrlap 
being  ade<iuate. 

7.  Oven  drying  at  ten^seratures  up  to  250  F  should  be  used, 

8»  A  flat  base  of  Purane  Epocast  plastic  or  similar  product  should  be  applied  - 

70  to  80  durometer, 

9,  Rigid  and  flat  machine  mounting  should  be  provided* 

10,  A  ceramic  fiber  bat  should  be  used  to  protect  rubber  during  forming  with 
resistance  heating, 

11.  For  utilizing  hot  platens,  a  conductive  ceramic  tooling  material  such  as 
8d.1,  Horton  Consiany’s  Silicon  Carbide,  L.M,  Cement  #l6l5-lA-246  (Experi¬ 
mental),  may  be  used. 

Draw  Dies 

Draw  dies  are  not  considered  practical  under  the  present  "etate-of  the  art". 
Braze  Fixtures 

1.  For  furnacelesE  brazing,  tooling  made  of  fused  silica,  Bteterlal  Codes  25A,1 
thru  25B.I,  should  be  used.  These  naterlals  are  available  from  Glasrock 
Products,  Incorporated,  Atlanta,  Georgia.  Either  25A.1  or  the  25D,1  cement 
cap  with  25s. 1  foam  block  backup  can  be  used,  but  the  latter  is  mre  practical 
for  large  tools. 

Special  and  non-conmcrclal  formulation,  ffeterial  Code  122B.1,  should  be  con¬ 
sidered  as  an  alternate. 

teterial  Code  7IB.I,  Special  High  Alumina  Castable  by  General  Refractories 
Coi^^ny  and  IOSa.I,  AA22,  by  Resco  Products,  should  also  be  considered, 

(Refer  to  Table  44,  Page  9«) 

2,  For  furnace  type  brazing  where  high  conductivity  and  good  thermal  shock 
resistance  are  needed,  teiterial  Codes  8D.1,  and  7U.1  should  be  considered. 

Stress  Relief  Fixtures 

1.  For  furnaceless  stress  relief  tooling,  such  as  with  resistance  heating  of 
part  or  the  electric  blanket  concept.  Item  lumber  One  listed  above  under 
Braze  Fixtures  applies, 

2.  For  furnace  type  tooling  or  hot  sizing  press  tooling.  Item  Number  Two  listed 
above  under  Braze  Fixtures  applies. 
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Stretchform  Blocks 


Materials,  Code  No,  8b,1  or  71B.1  should  be  used  for  stretchform  toollttg. 
Conclusions  Numbers  Two  thru  Ten  listed  under  Hydroform  Block  apply. 

Other  Tools 

Table  44,  Page  and  Figures  77  thru  85,  Pages  l88  thru  I96,  should  be 
used  to  aid  selection  of  materials  for  tooling  types  not  investigated  under  the 
contract. 


RECOMMENDATIONS 


1.  It  is  recomuended  that  draw  die  development  be  continued  to  further  improve 
surface  finish,  such  as  by  glazing,  and  to  find  a  suitable  high  temperattire 
lubricant* 

2.  Additional  work  should  he  performed  to  minimize  q^ueachlng  effects  during 
forming.  Imbedded  elei^nt  forming  tooling  should  be  fully  exploited, 

3.  Induction  heating  and  polyphase  resistance  heating  should  be  investigated 
for  use  with  ceramic  tooling.  Imbedded  induction  coils  or  the  use  of 
polyphase  resistance  heating  of  part  should  permit  blanks  to  be  trimmed  to 
optimum  shape,  yet  be  uniformly  heated. 

4.  Plastic-ceramic  formlationE  should  be  investigated  for  they  should  be  less 
fragile  than  the  pure  ceramic  varieties. 

5.  Other  applications  which  should  he  Investigated  are; 
a.  Ceramic  weld  Jigs 

h.  Spin  blocks 

c .  Brake  dies 

d.  Forging  and  extrusion  dies 


"STATE  (F  THE  ART"  SURVEY 


Exhibit  7,  Pages  44l  thru  472,  gives  the  current  industry  posture  on 
ceramic  tooling  development. 
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CODE  KEY  FOR  CERAMIC  PRODUCTS 


Code  No. 

Trade  Same 

Cosipany 

3.1.U,1 

JM  20(X)  Concrete 

Johns -Manville 

3.1.1B.1 

C-3  Concrete  Silocel 

Johns-Manvllle 

3.1.1c .1 

C-2  Cement 

Johns-ManviHe 

3,1.1D.1 

L.  W.  Firecrete 

Johas^tenvllle 

3.1. IE. 1 

H.  T,  Firecrete 

Johns-Manrllle 

3.I.IP.I 

3X  Firecrete 

Johns -Manville 

3.I.IG.I 

Std,  Firecrete 

Johns-Memvllle 

3.I.IH.I 

#20  Firecrete 

Johns -Manville 

3.I.U.I 

3X  Blazecrete 

Johns-Jfenvllle 

3.I.IK.I 

Std.  Blazecrete 

J  olms  ■^ianvllle 

3 .1.  H.l 

L,  W.  Blazecrete 

Johns-Manvllle 

3.I.IM.I 

C-3IM 

Johns-Manvllle 

3.1. IS. 1 

C.  A.  Firecrete 

Johns  ■4fenville 

3.1.1P.1 

MXII87  Castable 

Johns -^ianville 

3.1.2A.1 

MS  22 

A.  P.  Green  Fire  Brick  Co 

3.1.2B.1 

Kast-Set 

A.  P,  Green  Fire  Brick  Co 

s.i.ac.i 

Kast-O-Llte 

A.  P.  Green  Fire  Brick  Co 

3.I.RD.I 

Greencast  12 

A.  P.  Green  Fire  Brick  Co 

S.l.PE.! 

Castable  Block  Mix 

A,  P.  Green  Fire  Brick  Co 

3.1.2F.1 

Castable  Ins.  #20 

A.  P.  Green  Fire  Brick  Co 

3 .1.2G.1 

KS  4 

A.  P.  Green  Fire  Brick  Co 

3.1.2J.1 

L-2429  (cap  Material) 

A.  P.  Green  Fire  Brick  Co 

3.1.3A.1 

Kaollte  20 

Babcock  &  Wilcox  Co. 

3.1.3B.1 

Kaolite  22 

Babcock  &  Wilcox  Co. 

3.1.3C.1 

Kaocrete  D 

Babcock  &  Wilcox  Co. 

3.1.3D.1 

Kaocrete  B 

Babcock  Se  Wilcox  Co. 

3.1.3E.1 

Kaocrete  A 

Babcock  &  Wilcox  Co. 

3.1.3F.1 

Kaocast 

Babcock  ge  Wilcox  Co. 

3.1.30.1 

Kromecast 

Babcock  &  Wilcox  Co. 

3.1.3H.1 

Mulram 

Babcock  &  Wilcox  Co. 

3.1.3J.1 

Mix  1921-1 

Babcock  &  Wilcox  Co. 

3.1.3K.1 

Mix  1921-2 

Babcock  &  Wilcox  Co. 

3.1.3M.1 

Mix  I921-3X 

Babcock  8e  Wilcox  Co. 

3.1.4A.1 

Lumnlte 

Universal  Atlas  Ceiaent  Co 

3 .1. 5A .1 

Purotab 

Mexico  Refractories  Co. 

3.1.5B.1 

Pvarocast 

Mexico  Refractories  Co. 

3.1.5C.1 

MiU-Crete 

Mexico  Refractories  Co. 

3.1.5D.1 

Furnascrete  Super 

Mexico  Refractories  Co. 

3.I.5E.I 

Furnascrete  Regular 

Mexico  Refractories  Co. 

3.1.5F.1 

Furnascrete  Fine 

Mexico  Refractories  Co. 

3.1.5G.1 

Furnascrete  Coarse 

Mexico  Refractories  Co. 

3.1.5H.1 

,  Lo-Erode 

Mexico  Refractories  Co. 

3.I.5J.I 

Hi -Strength  F-303-S 

Mexico  Refractories  Co. 

3.1.5K.1 

Ramcast 

Mexico  Refractories  Co. 

3.l.pl>.l 

Sakonite 

^xico  Refractories  Co. 

E^ge  11 


Code  No. 

3.1.5M.1 
3.1.5N.1 
3.1.5P.1 
3.1.93-1 
3.1. 6a. 2 
3.1.6D.3 
3. 1.8a. 1 

3.1.83.1 
3.1.8c,1 

3.1.8D.1 

3.1.9A.1 
3.1.9B.1 
3*1. ICA • 1 
3 . 1 » IIB « 1 
3.1.11C.1 
3.1.11D.1 
3.1.11E.1 
3.1.12A.1 
3*1 .12& . 1 
3.i.ia:.i 

3.1.12D.1 

3.1.12E.1 

3.1.12P.1 

3.1.16A.1 

3.1.17A.1 

3.1.173.1 

3.I.I8A.I 

3.I.2QA.I 

3.1.2QB.1 

3.I.2IA.I 

3.1.213.1 
3.I.2IC.I 
3.1.25A.1 

3.1.253.1 
3.I.25C.I 
3.I.25D.I 
3.I.25E.I 
3.1.34A.1 
3.1.39A.1 
3.1.39B.1 
3.1.39C.1 
3.1.39D.1 
3.1.41A.1 
3.1.to.l 
3.1.48A.1 
3.I.5QA.I 


TABLE  45  (Continued 


Trade  Naiae 

I.R.C. 

I.R.C.  -20 
V-Block  Mix 
Acitab 
Alfrax  #58 

Stupalith  X  (Experimental) 

33-1 

33-HD 

Magnorite  L.M.  Cement 

1625-2-245  (Experimental) 

Silicon  Carbide  L.M.  Cement 

I615-IA-246  (Experiaiental 

2700°  Castable 

2300°  Hi-Strengtli  Castable 

Duramic  Grade  S-2 

P.H.T.  Castable  Fine 

P.H.T.  Castable  Coarse 

Firmcast  Fine 

Firmcast  Coarse 

Plicast  B 

Plicast  BS 

Pli -Tab-Ram  Mix 

Plirara  91 

Plicast  R-A 

Plicast  R-F 

Zircon  Tamp  Batch  ZS-1298 
Sample  “A" 

Sample  "B" 

Bafflemix 

X-IO326-C 

X-II508-E 

RR-268D 

AKJ-249  (D  or  W) 

APG-249-1W  (Experimental J 

Masrock 

Shelrock 

Rearock 

Glasrock  Cement 

Olasrock  Foam 

Beta  Spodumene  (S-l4) 

Harcast 

Harcor  K. 

Castolast 
Castolast  G 
Kellundite  #9 
Cupola  Patch  #2 
Petalite 
Alumina -Phos 


Company 

Mexico  Refractories  Co. 

Mexico  Refractories  Co.- 
Mexico  Refractories  Co. 

Mexico  Refractories  Co. 
Carborundum  Co . ,  Perth  Amboy 
Carborundum  Co.^  Latrobe 
Norton  Co. 

Norton  Co. 

Norton  Co. 

Norton  Co, 

Butler  Refractories  Co. 

Butler  Refractories  Co. 

Duramic  Products,  Inc. 
Laclede-Chrlsty  Products 
Laclede -Christy  Products 
Laclede -Christy  Products 
Laclede-Christy  Products 
Pllbrico  Co. 

Plibrlco  Co. 

Pllbrico  Co. 

Plibrlco  Co. 

Plibrlco  Co. 

Pllbrico  Co. 

Corhart  Refractories  Co. 

Ceurolina  Pyrophylllte  Co. 
Carolina  Pyrophylllte  Co. 

North  American  Refractories  Co. 
Chas.  Taylor,  Sons  Co. 

Chas.  Taylor,  Sons  Co. 

Richard  C.  Remmey  &  Sons  Co. 
Richard  C.  Remmey  &  Sons  Co. 
Richard  C.  Remmey  &  Sons  Co. 
Glasrock  Products,  Inc. 

Glasrock  Products,  Inc. 

Glasrock  Products ,  Inc . 

Glasrock  Products,  Inc. 

Glasrock  Products,  Inc. 

Zirconium  Corp.  of  America 
Harbison-Walker  Refractories  Co. 
Harbison-Walker  Refractories  Co. 
Harbison-Walker  Refractories  Co. 
Harbison-Walker  Refractories  Co. 
Electro  Refractories  &  Abrasives 
Electro  Refractories  &  Abrasives 
Foote  Mineral  Co. 

Illir4ois  Clay  Products  Co. 
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Code  No» 

3.I.5OB.I 

3.1.65A.1 
3.I.65B.I 
3.1.65c .1 
3.I.7OA.I 

3.1.70B,1 

3.1.70c .1 
3.I.7IA.I 
3.I.7IB.I 
3.1.72A.1 
3.I.8IA.I 
3.1.83A.1 

3.I.86A.I 

3. 1.86b. 1 

3.1.8aA.l 

3.1.88B.1 

3. 1.98a. 1 

3.I.98B.I 

3.1.102A.1 

3...  ICQA.1 

3.i.l06B.l 

3.I.IO6D.I 

3.1.111A.1 

3.1.115A.1 

3.1.122A.1 

3.1.122B.1 

3.1.1384.1 

3.1.1404.1 


TABLE  45  (Continued) 


Trade  Hame 

2400  RBX 
Hot-Top  Moldit 
Jfeldit  D 
Moldit  D.I.F. 

H  &  B  #10  Extra  Strength 
Super  #32 

#150  R 

Brlkrain  80  (Code  46o) 
Special  Hi  Alumina  Castable 
Flint  Cast  29 
New  Development  Petalite 
Zircon  Cement  R6OOO5C 

CA-25  (Calcium  Aluminate) 
T-60  (Tabular  Alumina) 
Electrotemp  Cement  Ho.  8 
Pour-Lay  Cement  Ho.  54 
Super-Kastlte  3200 
Kastite  -  DX  (Hi  Strength) 
Cover cast 
AA-22 

AA-22  Ramming 
RS-17A 

Shenanglow  Cement  #58-209 
90-Ram 

Hew  Development  Fused  Silica 
Hew  Development  Fused  Silica 

#10-450 

120 


Company 

Illinois  Clay  Products  Co. 
Refractory  &  Insulation  Corp. 
Refractory  &  Insulation  Corp. 
Refractory  &  Insulation  Corp. 
Walsh  Refractories  Corp, 

Walsh  Refractories  Corp. 

Walsh  Refractories  Corp. 

General  Refractories  Co. 

General  Refractories  Co, 
Robinson  Clay  Products  Co, 
Battelle  Memorial  Institute 
Titanium  Alloy  Mfg.  Dlv.  of  the 
National  Lead  Co. 

Aluminum  Co.  of  America 
Aluminum  Co.  of  America 
Sauereisen  Cements  Co. 
Sauerelsen  Cements  Co. 

Chicago  Fire  Brick  Co. 

Chicago  Fire  Brick  Co. 

G.  &  W,  H,  Corson,  Inc. 

Resco  Products 
Resco  Products 
Resco  Products 
Shenango  Refractories 
Ramtlte  Co. 

Georgia  Institute  of  Technology 
Georgia  Institute  of  Technology 
General  Ceramics  Corp. 

S.  Paul  Ward,  Inc. 


HF  6031-1 


"Brick  Library"  in  the  Ceramic  Laboratory 
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STATEMENT  OF  WCSK 


v 


'  EXHIBIT 
STATE^®MT  (W  WCBK 


PB-8-f®(p-6060 
Dated  6  Septeciber  1957 


A.  PlHtPOSSt 

It  Is  the  ptirpoae  of  this  procureraent  to  ac^-uire  the  necessary  engineering 
ssr\'lces,  equipment,  and  materials  as  required  to  develop  non-metallle  tooling 
for  high  teu^erature  applications. 

B.  OBJECTIVE  t 

The  objective  of  this  contract  is  to  develop  low  tcmperattire  curing 
castable  refractories  and/or  ceramics  for  use  as  tooling  for  the  fabrication 
^f_th*-aa»ec  hi^  tentperature  aBbysT  ~TBe‘ applications  under  consideration 
are  those  wherein  the  greater  portion  of  the  stresses  iB5>osed  are  compressive, 
^e  types  of  tooling  investigated  and  developed  should  Include,  but  not  be 
limited  to,  hydrofOnn  blocks,  draw  dies,  braze  fixtures,  stress  relief  fix¬ 
tures  and  stretch  form  blocks  (dies). 


C.  mmXL  COSDmoiSS  and  RBttllREMEOTSi 

The  tooling  to  be  developed  under  this  contract  is  intended  to  be  used 
in  aj^Hcatlons  which  are  be3t>nd  the  ten®>erature  capabilities  of  plastics 
and  the  epoxy  resins  (600°-  SOOG^F  /).  They  must  be  of  such  naterlal  that 
jffiey  can  be  cast  to  finished  dimensions,  inexpensive,  cure  in  short  time 
at^cqiEparatively  low  tes®eratures,  have  high  compressive  strength  at  elevated 
te^eratures,  he  dlEffinslonally  stable  at  operating  teniperatures  and  highly 
resistant  to  repeated  thermal  shock. 

This  tooling  must  be  capable  of  jscoQomical,  quick  repair  or  replacement, 
and  of  such  material  that  it  will  bond  when  cast  around  various  types  of  core 
and  other  reinforcing  materials. 

This  tooling  must  be  non-galling  and  of  such  type  that  lubricant  deposit 
build-up  will  be  at  a  minimum. 

The  contractor,  with  the  approval  of  the  Contracting  Officer,  win  to  the 
best  of  his  ability,  (l)  ascertain  which  ceramic  or  refractory  materials  now 
available  are  suitable  for  use  in  producing  high  temperature  forming  tools 
or  (2)  have  such  a  material  or  mterlals  formulated,  or  both. 

Contractor  will  use,  but  not  necessarily  limit  Investigation  to,  titanium 
alloys,  high  alloy  steels,  and  AISI  420  sheet  steel. 

D.  SCfflPEl 

Work  prescribed  by  this  contract  shall  be  projected  in  six  phases 
encoEspasslng  the  following  items  i 
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PHASE  I:  Survey  available  laformtion  relative  to  castable  and  spray- 
able  ceraxiilcs  and  refractories.  This  will  include  survey  of  available 
literature  as  well  as  material  manufacturers  and  users. 

PHASE  II:  Evaluate  various  lornralae  and  techniques  on  the  bases  of 
temperature  resistance,  elevated  temperature  strength,  fabrication,  and 
curing  characteristics. 

PHASE  III:  Develop  and  test  formulations  in  Phase  II  and  techniques 
of  reinforcing.  These  reinforcements  my  be  internal,  external,  or  a 
combination  of  both. 

PHASE  IV:  Design  and  develop  experimental  forming  tools  of  various 
types.  Develop  and  refine  manufacturing  and  operating  techniques  as 
indicated  by  the  experimental  tools. 

PHASE  V:  Develop  standard  design,  fabrication,  and  application 
criteria  for  various  types  of  forming  tools  based  on  the  knowledge  and 
experience  gained  in  the  first  four  phases. 

PHASE  VI;  Prepare  and  distribute  final  engineering  rejxsrt  in  accor¬ 
dance  with  Exhibit  UfflM-l,  -2,  -3,  -1,  -5,  which  will  Include  a  conqilete 
and  detailed  analysis  of  the  results  of  the  program  as  well  as  recommendations 
for  the  further  development  of  the  staAe  of  the  art. 

E,  WORK  DETAILS; 

PHASE  I  -  Background  Investigation 

(1)  UTERATURE  SURVEY 

Thorough  literature  survey  will  be  made  to  determine  present 
knowledge  of  castable  ceramics  and  refractories.  Such  publications  as 
Industrial  Heating,  American  Ceramic  Society  Bulletin,  Journals  of  the 
American  Ceramic  Society,  etc,,  will  be  given  particular  attention.  In 
addition  to  a  survey  of  published  literatxire,  a  letter  requesting  technical 
data  will  be  sent  to  each  major  manufacturer  or  supplier  of  ceramic  or 
refractory  materials.  This  letter  will  state  the  properties  desired  and 
will  request  recomrandatlons  relating  to  the  problem  as  outlined  by  this 
Exhibit.  Upon  receipt,  this  vendor  information  will  be  studied  for  appli¬ 
cability  and  additional  correspondence  will  probably  result. 

(2)  Perform  a  survey  of  all  aircraft  and  allied  manufacturers  to 
evaluate  their  hot  forming  methods  and  their  experience.  If  any,  with 
ceramics  and/or  refractories  as  applied  to  tooling,  A  personal  visit  will 
be  made  to  those  companies  where  such  a  visit  would  be  of  value  to  the 
project, 

(3)  SURVEY  OF  FCfiMUIATCSS 


Based  on  information  gained  as  a  result  of  the  literature  survey 
(Item  1)  and  the  "state  of  the  art”  survey  (Item  2)  prospective  manufacturers 
and/or  formulators  of  ceramic  and  refractory  materials  will  be  solicited  (in 
the  same  manner  as  in  Item  2)  to  deterirdne  the  present  status  of  castable, 
high  temperature.  Inorganic,  non-metalic  materials  suitable  for  tooling 
applications . 
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PHASE  II  -  Mats'laXs  Development 

Based  on  the  information  obtained  in  Phase  I  and  consultations  with 
the  subcontractor,  applicable  ceramic  and  refractory  raw  materials  will  be 
selected. 

In  addition  to  the  products  developed  by  the  subcontractor,  commercially 
available  materials  will  be  evaluated. 

The  basic  physical  and  mechanical  properties  of  the  developed  formu-  y 
lations  will  be  compared  to  those  of  the  present  commercial  materials  by  ^ 
the  subcontractor  in  an  effort  to  fulfill  the  objective  of  this  Phase, 
which  is,  to  develop  castable  materials  having  the  re<iuired  basic  physical 
characteristics  for  use  as  tooling  at  elevated  temperatures  In  the  600°  to 
2CXX)%  range. 

During  tills  development  period  the  contractor  will  assist  the  sub¬ 
contractor  in  the  casting  of  test  specimens,  and  in  the  design  and 
construction  of  any  special  test  Jigs  required.  Ag  favorable_^materlals 
are  developed,  various  shapes  will  be  cast  by  the  contractor  and  casting 
techniques  will  be  investigated  preparatory  to  Phase  III. 

PHASE  III  -  Tooling  and  Reinforcement  Development 

(1)  The  selected  formulations  from  Phase  II  win  be  evaluated  for 
cure  characteristics,  temperature  resistance,  and  handling  characteristics. 
Cure  temperatures  shall  be  in  the  range  500°P  -  550^  for  the  selected 
tooling  materials,  hwever,  higher  temperatures  may  be  considered.  Tooling 
should  be  able  to  withstand  operating  temperatwe  of  at  least  20CX)®F'wlth 
Tittle,  if  any,  deterioration  in  strength,  no  shrinkage,  and  should  show 
good  heat  shock  resistance. 

(2)  Various  flexibllizers  and  reinforcements  to  be  evaluated  from 
600®F  to  2000*^,  but  not  limited  to,  are; 

a.  Raw  ceramic  fibers 

b.  Ceramic  fibre  woven  cloths  or  blankets 

c.  Steel  wool 

d.  Screen  wire  and  hardware  cloth 
.  e.  Perforated  metal  sheet 

f •  Expanded  metal 

g.  Steel  rods 

Accelerated  tests,  to  determine  the  effect  of  outdoor  storage  and 
repeated  teri^erature  cycling,  will  be  performed  on  test  blocks  9"  x  4  l/2" 

X  2  l/2"  that  have  been  cast  and  cured.  Accelerated  weathering  will  be 
acconplished  using  available  commercial  equipment;  Atlas  Electric  Devices 
Conrpany,  Twin-Arc  Weather -Oaeter.  This  equipment  will  duplicate  the  effect 
of  outdoor  summer  storage  with  a  cycle  of  1  hour  of  water  spray  only,  2 
hours  of  light  only,  2  hours  of  water  spray  only  followed  by  6  hours  of 
light  only  for  a  total  of  11  hours,  and  repeated  once  for  a  total  of  22  hours. 


EXHIBIT  1 


Page  17 


During  the  remaining  two  hours  in  each  day  the  eq,uipnient  vili  be  turned 
off.  The  air  temperature  inside  the  specimen  holding  drum  will  be 
maintained  at  lUO  5°F  during  the  light  cycle.  This  cycle  will  be 
repeated  for  I5  cycles  or  until  excessive  deterioration  is  noted. 

The  effect  of  freezing  and  thawing  during  outdoor  exposure  will 
be  determined  using  test  specimens  9"  X  4  l/2"  X  2  l/2"  as  described 
above.  Initially,  the  specimens  will  be  immersed  in  the  thawing  taoh, 
maintained  at  75  £  5^,  for  4  hours.  One  cycle  will  consist  of  placing 
the  saturated  specimens  In  the  freezing  chamber  for  20  ho\irs  followed 
by  4  hours  immersion  in  the  thawing  tank.  After  five  cycles  the  speci¬ 
mens  will  be  stored  at  75  £  5'^  for  40  ho\irs  then  inspected,  submerged 
for  4  hours,  and  again  subject  to  5  cycles  of  freezing  and  thawing. 

This  will  continue  for  a  total  of  25  cycles  or  until  apparent  disinte¬ 
gration  causes  the  specimen  to  be  withdrawn  from  the  test. 

PHASE  rv  -  Tooling  Evaluation 

(1)  Tool  construction  to  be  investigated  will  be  of  two 
general  types;  (a)  ceramic  or  refractory  cap  cast  over  a  rough  core, 

(b)  solid  tool  cast  entirely  of  the  ceramic  or  refractory  tooling  material. 
In  both  types,  reinforcement  developed  above  may  be  used  as  necessary. 

(2)  Ceramic  or  refractory  caps  on  various  types  of  cores  such 
as  concrete,  rough  metal  casting,  translte,  or  other  materials  which  are 
considered  applicable.  Standard  molds  wlli  be  made  for  such  tools  as 
stretch  form  blocks,  hydro  press  blocks  (dies),  braze  and/or  stress  relief 
fixtures,  and  draw  dies.  The  cores  are  to  be  made  by  the  most  economical 
standard  methods.  Finish  plaster  molds  will  be  made  and  the  castable 
ceramic  or  refractory  poured  in  the  core  pressed  In  so  as  to  force  the 
excess  material  around  the  core  in  the  mold  to  give  a  surface  cap  from 
1/2  to  3/4"  thick.  The  surface  will  then  be  given  the  finish  cure  for 
use  according  to  the  procedures  developed  in  Phase  III,  The  tools  will 
then  be  tested  in  their  respective  machines  for  the  hot  forming  of  parts. 
Reinforcements  developed  in  Phase  III  may  be  used  as  necessary. 

(3)  The  various  types  of  ceramics  and  refractories  will  then 

be  tested  as  solid  cast  tools  made  in  molds  similar  to  those  in  (l) 
above.  The  general  procedures  In  (l)  above  will  be  followed  to  prove 
the  tooling,  materials,  tools,  reinforcement  methods,  etc.  as  applicable 
to  solid  cast  tools.  ' 

(4)  Repair  technlq,ues  will  be  considered  and  evaluated  for 
the  various  types  of  ceramic  tooling  materials  studied. 

PHASE  V  -  Standardization  of  Tool  Design 

(1)  The  data  obtained  in  the  first  four  Phases  will  be 
analyzed  and  evaluated  as  to  practicability,  cost,  reliability, 
reproducibility,  etc. 

(2)  The  methods  devised  will  be  applied  to  the  design  of 
various  types  of  hot  forming  tools.  Standard  designs  and  manufacturing 
methods  wiU  be  established  for  applicable  types  of  tools  such  as,  but 
not  limited  to,  braze  and  stress  relief  flxtirres,  draw  dies,  stretch 
form  and  hydropress  blocks  (dies). 
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PHASE  VI  -  Final  Report 

'  (l)  A  final  detailed  engineering  report  will  be  prepared  and 

distributed  in  accordance  with  Exhibit  LMBM-1  through  -5  and  the 
distribution  list  to  be  furnished  by  the  procuring  agency.  This  report 
shall  cover  formulations  developed,  application  methods,  handling 
characteristics,  cost  data,  design  standards  developed,  and  any  other 
pertinent  data  developed  during  the  duration  of  the  contract. 
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mSE  I 

BACKGSOUND  IlffORMATION 
June  thru  October  1958 


ItraiODUCTIOK 


At  the  time  the  Contractor  proposed  this  project,  it  was  thought  that 
the  Air  Materiel  Coinsziand  would  designate  which  high  strength  materials  would  be 
used  for  evaluating  ceramic  forming,  topis .  The  Air  }feterlel  Command,  however, 
preferred  th^t  the  Contractor  select  the  applicable  materials.  As  a  result  of 
this  decision,  it  became  necessary  for  the  Contractor  to  extend  the  proposed 
background  investigation  to  Include  a  survey  of  high  strength  materials  used 
by  the  aircraft  Industry  as  well  as  a  survey  of  llteratirre,  consumer a  and 
forntulators  of  ceramic  materials. 

A  compilation  of  the  high  strength  materials  currently  used  and  anticipated 
for  future  use  is  presented  in  Table  2.  How  the  use  of  these  materials  Is  dis¬ 
tributed  throughout  the  aircraft  industry  is  given  in  Table  3- 

Thls  phase  of  the  report  will  discuss  both  the  high  strength  materials 
survey  and  the  survey  of  tooling. materials.  Mention  of  both  are  made  here  so 
that  dlscussioni'  o?  these  aircraft  structural  imterials  will  not  seem  foreign 
to  the  primary  objective  of  the  project  which  is  the  development  of  non-metallic 
tooling  for  high  tesroerature  applications. 


LITERATUEIE  SURVEY 


Library  Search 

Work  on  the  project  was  begun  on  June  5,  1958.  The  first  few  weeks  were 
used  in  a  search  for  references  on  ceramic  tooling  in  the  Contractor's  library 
and  at  the  Georgia  Institute  of  Technology  Library.  Although  this  search 
yielded  nothing  in  the  way  of  references  to  published  literature,  many  references 
were  obtained  as  to  possible  formulators,  research  institutions,  and  indi¬ 
viduals  who  are  authorities  in  the  general  field  of  ceraioics. 

Back  issues  of  such  publications  as,  "Ceramic  Industry",  "American  Ceramic 
Society  Bulletins,  Journals  and  Excerpts",  "Materials  in  Design  Engineering", 
and  "Industrial  Heating"  were  reviewed  and  were  instrumental  in  congjillng 
mailing  lists  for  technical  inquiries. 

Letters  of  inquiry  were  sent  to  204  ceramic  formulators,  raw  material  pro¬ 
ducers,  colleges  and  universities,  and  research  laboratories  in  the  United 
States  and  several  foreign  countries.  A  list  of  the  contacts  with  addresses  and 


the  results  of  the  inq_uirles  are  given  in  Table  4.  Of  the  2C4  lnq.uirles,  il6 
answered  and  33  supplied  data  on  castable  ceramics. 

The  original  letter  of  inq.uiry  is  shown  in  Exhibit  2. 

Of  the  204  recipients  in  Table  4,  174  comprise  the  ceramic  industry,  and 
the  remaining  30  are  as  follows: 

Colleges  and  Universities 

Alfred  University 

Clemson  College 

Cornell  University 

Georgia  Institute  of  Technology 

Massachusetts  Institute  of  Technology 

Ohio  State  University 

Pennsylvania  State  University 

Rensselaer  Polytechnic  Institute 

Rutgers  University 

University  of  California,  Berkeley 

University  of  California,  Los  Angeles 

University  of  Illinois 

University  of  London 

Research  Lalwratorles 

An»ur  Research  Foundation 
Battelle  Menjorlal  Institute 
BJorksten  Research  Laboratories 
Franklin  Institute 
Fulmer  Research  Institute 
Hurst  Laboratories 
tfellon  Institute 
Office  of  Haval  Research 
S-K-C  Research  Associates 

Others 

"Ceramic  Industry",  periodical 

Department  of  Commerce,  Office  of  Technical  Services 

"Materials  in  Design  Engineering",  periodical 

National  Bureau  of  Standards 

Refractories  Institute 

The  American  Ceramic  Society 

The  British  Ceramic  Research  Association 

The  British  Ceramic  Society 
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Smvm  OP  THE  AIRCRAFT  IMDUSTOTf 


Inq,ulrles  by  Letter,  Visits 

To  begin  the  surrey  of  the  aircraft  industry,  the  Contractor  prepared  and 
distributed  a  q.uestionnaire  designed  prinairily  to  determine  the  "state  of  the 
art"  of  using  ceramics  for  tooling  applications »  See  Exhibit  2A, 

In  addition  to  (Questions  relating  specif icai-ly  to  ceramics,  (questions 
as  to  which  high  strength  materials  are  being  used  or  expect  to  be  used  within 
the  next  three  years,  and  q_ueBtions  concerning  hot  forming  techniques  for 
these  materials  were  asked. 

A  list  of  the  50  domestic  and  43  foreign  recipients  of  this  questionnaire 
and  the  outcome  of  this  letter  survey  are  given  in  Table  5* 

As  indicated  in  Table  5,  25  of  the  domestic  aircraft  companies  were  visited. 
Additional  and  more  detailed  questionnaires  were  completed  during  the  visits. 

"State  of  the  Art" 

Although  thirteen  aircraft  companies.  Including  the  Contractor,  have 
reported  ceramic  tooling  activity,  only  five  conpanies  have  indicated  that 
they  have  done  anything  other  than  preliminary  evaluation  work.  These  five 
companies,  therefore,  might  Justifiably  be  considered  as  encoinpaBBlng  the 
"state  of  the  art"  of  using  ceramic  tooling  in  the  aircraft  industry,  Including 
many  foreign  aircraft  companies.  These  five  confianles  and  discussions  of  their 
work  follow. 

Rohr  Aircraft  Corporation,  Chula  Vista 

Several  years  ago  Bohr  began  investigating  the  use  of  castable 
ceramics  for  what  they  refer  to  as  creep  forming  fixtures.  According 
to  Rohr,  creep  forming  Is  a  hot  sizing  operation  which  may  be  combined 
with  a  heat  treating  operation  such  as  aging,  stress  relieving,  or 
drawing.  In  use,  the  usually  preformed  part  is  placed  in  the  ceramic 
fixture  which  resembles  a  klrksite  hammer  die  and  is  kept  sandwiched 
between  the  net  cast  punch  and  die  which  make  up  the  primary  coinponents 
of  the  fixture. 

These  cast  ceramic  fixtures  were  made  of  Pllbrico  Company's  Pllcast 
RS  castable,  weighed  up  to  approximately  ICXX)  pounds,  were  fired  at 
1500  F,  and  can  be  used  for  temperatures  up  to  15CX)  F.  Ordinary  air 
f-urnaces  are  used  for  heating  to  soaking  temper atinres  for  firing  and 
for  the  creep  forming  operation.  Commercially  pure  titanium  and  17-7PH 
have  been  creep  formed  with  this  type  of  tooling. 

In  addition  to  the  two  creep  form  fixtures,  Rohr  has  made  an  ejqjeri- 
mental  braze  flxturo  of  conjjound  curvature  which  was  cast  and  which 
measured  approximately  6  x  24  x  24  inches.  This  type  of  tool  is  being 
considered  as  a  possible  replaceaeat  for  nachined  graphite  in  brazing 
operations . 
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Rohr  has  e%'aluated  two  other  castahle  ceraaics,  hut  found  them  to  be 
Inferior  to  Pllcast  RS  for  creep  forming  or  brazing  tools. 

This  company  indicated  that  the  problems  associated  with  the  fabri¬ 
cation  and  use  of  castable  ceramic  tobUng  "are  those  reiatlng  'to  ' 
construction,  handling,  i^intenance,  emd  repair  teohnlq.ue8.  They  are, 
however,  optimistic  about  the  future  of  ceramic  tooling  for  they  feel 
that  these  problems  will  be  solved  with  experience. 

Boeing  Airplane  Company,  Seattle 

Boeing,  lllse  Rohr,  has  constructed  castable  ceramic  creep  forming 
fixtxires.  The  material  with  which  they  report  most  success  is  regular 
Purnascrete,  a  product  of  Mej^co  Refractories  Con^iany.  One  fixture 
made  from  this  material  and  vtolch  very  much  resembles  a  large  drop 
hammer  die,  weighs  hOOO  pounds  and  measures  spproxlnately  36  x  72  x  40 
inches  thick  when  closed.  The  contour  is  apiaroxlmately  26  inches  deep. 

To  lighten  this  tool,  Boeing  used  coring  erfcenslvely.  The  firing 
ten5>erature  used  was  1400  F.  The  tool  is  used  for  creep  forming  6a1-4v 
titanium  alloy. 

According  to  Boeing,  one  of  the  major  problems  in  the  construction 
of  castable  ceramic  tools  is  the  speed  rejuired  in  mixing  and  placing. 

They  indicated  that  this  should  be  done  as  fast  as  possible.  In  an 
effort  to  overcome  this  obstacle,  Boeing  purchased  Mexico  Refractories* 
Extrud-A-Flcw  mchlne.  This  Eschlae  automatically  meters  the  correct 
proportions  of  water  to  dry  mix,  mixes,  and  extrudes  the  wet  mix  through 
a  hose,  retdy  for  use. 

North  AE»rlcan,  Los  Angeles 

This  coBiJany  has  made  creep  form  joggle  dies  approximately  4  x  8  x  15 
Inches  from  Mexico  Refractories'  Purotab  castable  ceramic  for  joggling 
A-llQ&T  titanium  aUoy  in  the  1000  -  1200  F  temperature  range.  They  have 
also  made  similar  tools  from  Harblson  Walker's  Harcast  and  laclede 
Christy's  Firmcast. 

North  African  Is  currently  investl^tlng  other  mterlals  and  Is 
actively  engaged  in  research  and  development  to  apply  ceramics  to  a 
variety  of  different  types  of  tools. 

Grumman,  Long  Island,  New  York 

Grumman  has  used  cast  ceramic  tooling  for  forming  and  aging  at  1000  F 
and  for  heat  treating  at  1750  F. 

The  forming  tools  sure  4  x  7  x  12  Inch  stretch  form  blocks  for  17-7PI 
and  cosmerclslly  pure  titanium.  These  blocks  are  made  from  Norton's  33  HD 
castable  and  a  Harblson  Walker  product  believed  to  be  Harcast.  This 
company  has  had  difflctilty  with  the  1000  F  blank  being  q^uenched  when 
brought  into  contact  with  the  ceramic  block.  Plane  are  to  imbed  resistance 
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elements  in  the  blocks  to  pennlt  integral  heating.  For  aging  and  heating 
fixtures.  North  American  Refractories*  Narco-Hearth  and  Laclede  Christy's 
Steelcast  have  reportedly  been  used. 

Lockheed,  Georgia 

In  SeptemDer,  1956,  the  Contractor  made  a  heat  treating  and  auenching 
die  from  Johns  Manville's  3^  Blazecrete,  This  die  was  about  8  x  12  x  I8 
Inches  and  vas  used  at  I85O  F  to  prevent  sag  distortion  of  a  thin  gage 
experimental  part  made  from  AISI  k20  stainless  steel.  The  fixture  was 
also  evaluated  as  a  600  F  interrupted  q^uench  die  vlth  favorable  results, 

Tlie  next  heat  treat  fixture  made  consisted  of  a  cored  punch  and  die  which 
weighed  approximately  I600  pounds  and  measured  20  x  52  inches  and  had  a 
19  inch  shut  height.  Because  of  the  massive  sections,  another  material 
was  selected  for  this  die.  This  other  material,  according  to  the  vendor's 
data,  appeared  to  have  sufficient  strength  and  less  size  change  after 
firing  at  I9OO  F  than  did  Jolu’.s  IfenviHe's  Blazecrete.  It  was  thought 
that  the  smaller  size  change  would  lessen  the  tendency  for  cracks  to  develop 
and  it  was  desirable  inasmuch  as  no  size  change  compensation  would  have  to 
be  nsade.  Perhaps  Lockheed  became  too  concerned  about  the  size  changes,  be¬ 
cause  it  was  the  low  as-fired  strength  that  caused  this  die  to  be  a  failure. 
It  was  later  learned  that  a  firing  temperature  of  1900  F  was  the  point 
\*ere  the  hydraulic  bond  was  virtually  destroyed  and  this  tengjerature  was 
too  low  for  a  vitreous  bond  to  be  developed. 

As  a  result  of  this  failure,  Lockheed  evaluated  29  castables  from  9 
different  suppliers.  A  heat  treat  fixture  as  large  as  the  one  that  failed 
has  not  yet  been  made,  but  four  6  x  36  x  36  inch  heat  treat  fixtures  have 
been  made  and  used  in  production.  These  fixtures  have  good  thermal  shock 
resistance  because  they  have  withstood  repeated  cooling  to  room  temperature 
from  the  I6OO  P  heat  treating  temperature.  They  are  made  from  Glasrock 
Corporation's  Masrock,  a  fused  silica  castable. 

An  8  X  15  X  15  inch  heat  treat  fixture,  a  600  F  interrupted  q.ueach 
die  of  tile  same  dimensions,  and  a  similar  2000  F  form  die  of  {iaerock  have 
been  used  ei^erlinentally  with  good  results. 

It  should  be  noted  that  although  a  considerable  number  of  castings  have 
been  made  by  the  aircraft  industry,  very  few  have  been  made  for  sheet  metal 
forming  other  than  for  creep  forming  and  as  far  as  can  be  determined,  strength¬ 
ening  by  internal  or  external  reinforcements  has  not  been  investigated. 


SURVEY  OF  CSRAKTC  FORMULATORS  AI®  RESEARCH  INSTITUTIONS 


From  the  Information  obtained  throu^  letter  Inquiries  during  the  literature 
survey,  travel  itineraries  were  organized  and  virtually  everyone  indicating 
knowledge  of  castable  materials  for  the  project  was  visited.  The  companies  and 
research  institutions  visited  are  marked  by  an  "X"  in  Table  4. 
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Of  the  h6  visits,  seven  were  to  research  institutions.  These  institutions 
are  noted  below. 

Alfred  University 
Battelle  Memorial  Institute 
Bjorksten  Research  Laboratories 
Georgia  Institute  of  Technology 
Ohio  State  University 
Pennsylvania  State  University 
Rutgers  University 

During  the  visits,  detailed  (questionnaires  were  completed  on  available 
properties  of  each  ceramic  material  to  be  considered  for  evaluation  in  Phase 
II. 


Although  these  research  institutions  could  not.  In  most  instances,  supply 
data  on  commercially  available  formulations,  they  were  very  helpful  in  supply¬ 
ing  basic  data  verbally  and  in  the  form  of  technical  papers.  These  institutions 
are  abreast  of  most  of  the  latest  material  developments  and  gave  numerous  refer¬ 
ences  as  to  where  the  Contractor  could  find  core  Informtion  on  such  deve.lopments , 
Informetion  such  as  knowledge  of  ceramic  materials  having  a  very  hi^  thermal 
expansion  approaching  that  of  carbon  steel  and  materials  having  small  or  even 
negative  expansions  was  obtained. 


DISCUSSION  OF  TABLES 


Table  2,  "Available  Formabllity  Data  -  High  Strength  Materials",  lists  all 
of  the  high  strength  naterials  being  used  or  anticipated  for  use  within  the  next 
three  years.  This  list  was  compiled  from  the  initial  questionnaire  survey  of 
the  aircraft  industry  and  from  information  accumulated  during  the  visits.  Note 
that,  where  feasible,  these  materials  are  grouped  into  families.  A  "Typical 
Manufacturer"  is  given  for  reference  so  that  additional  information  might  be 
obtained  from  a  material  producer.  Only  room  temperature  strengths  and  elonga¬ 
tions  are  given  because  in  almost  all  cases  elevated  temperature  data,  needed 
for  hot  forming,  are  not  available.  In  some  instances,  where  the  material  has 
good  room  temperature  elongation,  but  where  the  material  Is  known  to  work  harden 
very  rapidly,  the  forging  or  even  the  heat  treating  temperature  is  given  as 
the  forming  temperature. 

The  application  uecpurature  or  aircraft  design  tenjperature  is  given  for 
reference  only. 

Table  3  Is  the  same  list  of  high  strength  materials  showing  distribution, 
those  materials  which  are  presently  used,  and  those  which  are  for  future  use. 
Note  that  in  addition  to  giving  the  aircraft  company  reporting  usage,  the  total 
number  of  companies  using  or  anticipating  use  of  a  particular  material  is  also 
given.  The  undesignated  entries  are  those  materials  which  were  not  specif Icaliy 
identified  on  the  questionnaires.  For  exa0ple,  some  companies  indicated  that 
they  used  stainless  steel  without  giving  any  further  description. 
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Table  if  la  a  list  of  200  domestic  and  4  foreign  organizations  either  in  or 
related  to  the  ceramic  or  refractory  industry.  These  were  recipients  of  the 
letter  of  inquiry  concerning  knowledge  of  materials  for  ceramic  tooling.  Note 
that  the  companies  or  Institutions  which  were  visited  are  also  indicated  in 
this  table. 

Table  5  is  a  list  of  50  domestic  and  43  foreign  aircraft  and  allied 
companies  surveyed  for  ceramic  tooling  activity.  In  addition  to  showing  the 
results  of  this  letter  inquiry,  the  domestic  companies  visited  are  indicated. 

Table  6  shows  the  heating  techniques  used  for  hot  forming  as  reported  by 
the  aircraft  Industry.  It  is  significant  that  more  companies  either  use  or 
plan  to  use  resistance  heating  of  part  than  any  other  technique,  for  it  was 
originally  proposed  that  resistance  heating  be  used  extensively  for  hot  forming 
with  ceramic  tools. 

Table  7  lists  the  physical  properties  of  cerainlc  castables  and  some  raw 
materials  which,  in  the  main,  have  been  recommended  by  formulators  and  research 
institutions  for  evaluation  under  this  project.  The  data  were  compiled  from 
vendor's  catalogs,  technical  papers,  etc.  Note  that  the  properties  shown 
relate  back  to  the  curing  and  firing  procedure  (temperature). 

Most  of  these  formulations  are  designed  for  use  as  monolithic  furnace 
linings  and  special  shapes  for  furnaces.  For  these  applications  it  has  not 
been  necessary  for  the  manufacturers  to  determine  many  of  the  physical  prop¬ 
erties  which  will  be  needed  for  the  more  exacting  tooling  application.  It  Is 
for  this  reason  that  there  are  numerous  blank  spaces  in  Table  7.  The  data 
just  are  not  available. 

{  DISCUSSION  OF  AMTICIPATEa)  mOBlSMS  AND  POSSIBLE  SOLUTIONS  ' 


Forming  Tools 

Forming  sheet  metal  parts  at  te!:5>eratures  as  high  as  2000  F  will  auto¬ 
matically  produce  martensitic  transformation  or  heat  treatment  of  some  of  the 
high  strength  air  hardenable  naterials.  AccoLpanying  this  transformation  Is 
a  physical  size  change  which  ordinarily  is  con^ffinsated  for  in  the  tooling. 

As  far  as  size  change  Is  concerned,  an  even  greater  problem  exists  due  to 
thermal  contraction  of  the  part  on  cooling  from  the  forming  temperature .  One 
method  of  overcoming  this  problem  is  to  finish  form  at  room  temperature  those 
iffiiterlals  which  have  sufficient  elongation  to  do  so.  For  the  materials  that 
are  automatically  hardened  as  a  result  of  cooling  from  the  forming  temperature 
and  which  would  not  have  sufficient  room  temperature  elongation,  partial  size 
change  compensation  might  be  possible  by  finish  forming  just  above  the  mr- 
tensite  start  line  which  any  be  as  low  as  400  F  for  some  materials.  This 
would  mean,  therefore,  that  the  difference  in  size  change  due  to  contraction 
from  the  mrtensite  start  temperature  and  the  size  change  due  to  transfarmatlon, 
would  have  to  be  compensated  for  in  the  tooling. 


Page  26 


Further  coopllcatlonB  would  arise  If  the  ceramic  material  selected  has 
a  large  thermal  expansion.  It  is  hoped  that  it  will  not  be  necessary  to  heat 
the  ceramic  forming  tool.  However,  some  heating  will  be  caused  each  time  a 
part  is  formed  and  the  temperature  and,  conseq.ueatly,  the  sisa  of  the  tool 
at  any  time  will  depend  on  the  number  of  parts  consecutively  formed,  the 
tim©  lapse  between  parts,  the  forming  teisperature,  and  other  factors.  This 
averchanging,  difficult  to  predict  size  changing,  obviously  would  be  objection¬ 
able.  Also  objectionable  would  be  the  poor  thermal  shock  resistance  which 
us\ially  accompanies  high  thermal  expansion. 

Fortunately,  there  are  some  low  expansion  castables  already  available  and 
the  possibility  of  developing  new  ones  appears  promising.  Besides  helping  to 
solve  the  size  change  problem  and  promoting  good  thermal  shock  resistance, 
the  low  expansion  ceramics  would  be  better  suited  for  integrally  heated  forming 
tools,  should  such  heating  become  necessary.  Even  if  the  tooling  is  heated 
to  the  forming  temperature,  the  problem  of  compensating  for  size  changes  in 
the  part  will  still  exist.  The  only  real  consolation,  therefore,  as  far  as 
size  chants  are  concerned,  is  that  by  using  low.  Ideally  zero,  expansion 
ceramic  materials,  any  other  size  changes  Involved  can  be  easily  predicted  and 
the  necessary  compensation  applied.  Final  sizing,  however,  might  still  be 
best  accomplished  during  aging,  stress  relieving,  drawing,  creep  forming,  or  by 
hot  sizing. 

For  hydroform  blocks  (rubber  forming),  the  problem  of  burning  the  rubber 
is  expected  to  be  solved  by  the  use  of  Carborundum  Company's  Fiberfrax  blanket 
insulation,  or  a  similar  product,  between  the  rubber  and  the  hot  blanket  (up 
to  2000  F)»  Discussion  of  this  problem  with  Carborundum  took  place  during 
the  survey  and  the  possibility  of  developing  a  durable  two-way  stretch  fabric 
looks  promising  should  existing  fabrics  to  be  evaluated  prove  unsatisfactory. 

Strcas  Relief  Fixtures 


As  far  as  this  project  is  concerned,  aging,  creep  forming,  hot  sizing, 
drawing  and  stress  relief  fixtures  will  be  considered  similar.  Furnace  heating 
of  the  tool  and  part  will  be  the  primary  heating  technique  studied,  although 
resistance  heating  of  the  part  only  will  also  be  evaluated. 

For  furnace  fixtures,  it  is  desirable  that  the  ceramic  castable  have  a 
thermal  expansion  to  match  the  part.  It  may  be  possible  to  accong)lish  this  or 
at  least  approximate  the  part  expansion,  but  It  Is  feared  that  thermal  shock 
resistance  will  be  sacrificed.  The  Contractor  will,  however,  evaluate  the  use 
of  high  expansion  ceramics  for  furnace  fixtures.  If  these  materials  cannot  be 
used,  and  if  resistance  heating  of  the  part  only  is  employed,  size  compensations 
will  be  required  as  discussed  in  the  previous  section  on  forming  tools. 

As  far  as  conductivity  is  concerned,  for  furnace  tooling  it  would  be 
desirable  to  use  ceramic  castables  having  high  thermal  conductivity  values 
("K”),  but  it  will  probably  be  necessary  to  sacrifice  high  conductivity  for 
other  Dwre  vital  properties.  For  resistance  heating,  where  the  tooling  is  not 
purposely  heated,  a  low  “K"  value  would  benefit  the  problem  of  heat  transfer 
from  the  part  to  the  tool. 
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Braze  Fixtures 


Several  of  the  aircraft  con^anies  visited  have  evaluated  ceramics  for  braze 
blocks  for  stainless  steel  honeycomb  brazing.  While  machined  graphite  is  now 
satisfactorily  doing  the  job,  the  necessity  of  Bachinlng  and  using  slip  sheets 
to  prevent  carbon  pick-up  Is  objectionable  due  to  high  costs.  The  ffartin 
Company  of  Baltimore  has  evaluated  ceramics  for  braze  blocks,  and  has  reported 
that  all  the  materials  evaluated  caused  contamination.  Other  companies  re¬ 
ported  that  the  shrinkage  of  the  materials  evaluated  was  too  great;  and  still 
others  felt  that  the  relatively  low  "K"  value  of  ceramics  would  be  troublesome. 

All  conpanies  contacted,  however,  indicated  that  they  felt  the  Contractor 
should  place  special  emphasis  on  the  development  of  net  cast  ceramic  braze 
blocks  to  eliminate  machining.  It  appears  that  this  type  of  tool  can  be 
developed  with  relative  ease  for  parts  having  slight  contour.  However,  If  much 
contour  is  involved,  the  difference  in  expansion  between  the  panel  and  the 
braze  block  may  preclude  the  use  of  ceramics.  A  low  expansion  body  will  prob¬ 
ably  have  to  be  used  for  sufficient  thermal  shock  resistance.  As  for  the 
contamination  problem,  it  may  be  necessary  to  continue  using  a  slip  sheet. 
However,  the  potential  savings  in  machining  costs  alone  Is  justification  enough 
for  the  Contractor  to  pursue  this  approach. 


CONCLUSIOHS 


Although  ceramic  tooling  wlU  undoubtably  have  nany  limitations,  many  types 
of  tools "will  probably  be  constructed  of  ceramic  materials  in  the  future  and  at 
a„.conslderable  cost  saving.  It  appears  too,  that  tooling  lead  time  can  be 
reduced  by  the  use  of  castable  ceramics. 

The  only  conclusions  that  can  be  drawn  at  this  time  pertain  to  the  selection 
of  high  stren^h"  materials  for  evaluating  ceramic  tooling  and  the  selection  of 
formulations  to  be  evaluated  in  Phase  II. 

High  Strength  Materials  Selection 

It  was  originally  proposed  that  the  Contractor  would  use  AISI  k20  stainless 
steel  for  n»st  of  the  evaluation  work.  Because  of  the  need  for  hot  forming 
titanium  alloys,  6Al-b-V  or  B-120VCA  will  also  be  used.  Likewise,  a  representa¬ 
tive  iJBgnesium- thorium  alloy,  HM21A,  will  be  used.  Because  of  the'  wide  acceptance 
of  VascoJet  ICXK),  this  material  is  selected  to  represent  the  5?^  chrome  steels. 

For  the  same  reason,  PH15-7M3  Is  selected  for  the  chromium,  nickel.  Iron  group, 
and  Rene*  Ul  for  the  nickel-base  group.  N-155  nhd  L-605  are  selected  to  represent 
the  chromium,  nickel,  cobalt,  iron  and  cobalt-base  groups  respectively. 

Ceramic  ^teterials  Selection 


All  of  the  materials  given  In  Table  7  will  be  used  for  preliminary  tests  for 
castability,  size  changes,  surface  finish  and  strength.  Promising  new  formu¬ 
lations  will  also  be  tested  as  they  are  developed. 
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RECOKMEHDATIONS 


Since  this  report  covers  background  inf  or  mat  ion.,  the  only  applicable 
recoEmendatlon  that  can  be  made  at  this  tliK  is  to  proceed  \rlth  Plaae  II 


TABLE  2  -  available  FOSI-'^IBILITY  DATA  -  HIGH  STRSL’GTH  ;.'ATniL-lLS 
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- 

xoco 

6co 

A>iS  L900A 

llai»-Cru 

Tltanlua,  C.  P. 

65,000 

55,OCO 

13 

— 

— 

9C0-12X 

600 

AMS  A901B 

HecnCru 

Tilaaltsa,  C.  P. 

SO.COC 

70,000 

15 

— 

,  -  - 

93G-12C0 

6X 

B  -  120TCA 

Crucible 

Titauiuo,  13V  -  llCr  -  441 

140,000 

135,000 

15 

190,000 

170,000 

600-7OT 

‘ 

rlS  140 

Bspublia 

TiUalua,  5a  -  1.25?e  -  2.75Cr 

164,000 

153,0:0 

15 

193,000 

192, CCC 

i:-6 

I2iX! 

6CC 

1450/airi  -  AOi 
IXC/ihrs  -  AC  j 

n  -  8Kn 

MtLlory  -  Sharoa, 

TitaaluB 

15C,0C0 

135,000 

15 

-  -  - 

Boom  cr 
900-12X 

7CO 

* 

T1  -  UOA 

Titeali®  Keteie  lorp. 

TlUoiua,  2.2Pe  -  2.1Cr  -  Z.OMo 

133,000 

123,000 

20 

139,000 

150,000 

12 

750 

14SCi/Ihr  -  •■2; 

9CG/5hrs  -  10  ’ 

4il  -  3M/J  -  17 

ile&>Cru 

TitaaiuB 

135-156,000 

130-150,000 

13-17 

133,700 

153,700 

3.5 

Heoa  or 

6C0 

1550/  -  Wl; 

lOCO 

lCOC/2/’Jars  —  XC 

in  -  47 

Mallory  -  Sbaron 

Tltaniua 

155,000 

135,000 

12 

13a,3’.0 

160,000 

12 

900- 12X 

603 

i750/thx  -  '-Q; 
XlG0/&iir3  -  ^ 

167  -  2.541 

ffellery  Sharoa 

Titanlus 

110,000 

55,000 

15 

175,000 

i60,X0 

5.5 

lOOC 

600 

UOO/ihr  -  «5; 
960/46.-3  -  AO 

Sn  30s 

{firitlsb) 

Super  *1X07 

224,000 

10 

430 

430  F  (naz)  tecper 

Hy  -  Tuf 

Cruclbla 

Super  aioy 

143,000 

123,000 

19.8 

230,300 

194,000 

U’ 

1600/  -  CQ; 

6CO  ?  tesiper 

8 

1 

T. 

Betblebaa 

Super  illoj 

239,000 

245,500 

9.5 

6CO  ?  teoper 

M  -  325 

bethlehesi 

Su^r  lllc/ 

340,000 

Super  Hy  -  Taf 

^njcibla 

Super  ALlo/ 

294,000 

ZUfOCC 

10 

55G  r  tsJ^r  ^ 

1200 

uss 

Supar  Alloj 

107,6CQ 

76,400 

20.5 

238,500 

6.8 

600  F  teoper  j 

Hale 031b  2JiS 

Crucible 

54  Cbzoulua 

36,000 

46,000 

22 

206,000 

176,  XO 

7 

nx 

llwO  ?  temper  | 

Feerles*  56 

Crucible 

5i>  Chrooiua 

228,000 

IKO 

b 

Potessae  A 

illegbss/  Liadlua 

5l>  Chroaiuza 

95,000 

80,000 

20 

255,000 

225,000 

H4303.  or 
200-3CO 

350 

1X0  r  teaser 

Tintrstold  A 

Dnivereal  Crelop# 

54  CkrcoluB 

1000 

Iharaoid  J 

Coirersal  Cyclops 

54  Chromlua 

230, OOG 

ICOC 

UaSjmct 

Dairersal  Cyclops 

5%  Cbrcmiua 

. . . 

250, 000, 

XGCQ 

IC5O  ?  durable  temper 

_J 

JUiOT 

TIFICAL 

MAiWAcrcRsa 

€r\ 

AfaKFi:  rn 

E 

Vasco  Jet  iOOO 

VaiiAdiush-iXloTS  St««I 

5l  Chrcaiiua 

95,000 

86,5 

Gre«1e  Ascolo/ 

I^ivoraal  Cyclops 

"j  GJaroaiua 

liKoV 

css 

X2|t  ChrcQl'us 

410 

Crucihls 

I2S  Chrosius 

aS.CXM 

35,0 

4aQ 

Cruclbls 

1«^  Qjromiua 

95,000 

50,0 

U22 

Crucible 

12J(  Chronlum 

449,000 

125,0 

412M 

Gruclbls 

\*S  Chmius 

100,  xc 

60,0 

A  -  as6 

Alle^hsoy  XudluA 

Chrosdus,  ^IcksI,  Iroa 

91,000 

37,  C 

AfGSO  DA 

jme^tiaay  Xudlum 

Chrooi-js,  SloUel,  Iron 

156,000 

73,0 

AJOSO  SCT 

Allflihsny  Uidluja 

CisroElua,  (ilCAol,  Iron 

156,000 

73,0 

A«355  EA 

AII«gb«ny  Ludliia 

Sbroaluo,  HicAal,  Iron 

60,C 

A.'355  SCT 

(XffooJLua,  Hickeli  Iroa 

0Q,C 

FH  15  -  7?to 

Anaco 

Quroadojii,  Mckal,  Iroa 

150,000 

65,0 

Ddtec^  2X2 

IIr.lv9rsJiI  Cyclops 

Cnroitlua,  Siekel,  Iron 

17  -  7PH 

Aroco 

Chroaiuoi  Nlcksi,  Iroa 

150,000 

55,0 

19  -  9X 

0aiT9rs4Ll  Cyclops 

Chraolua,  Bllckel,  Iron 

113,300 

69,0 

GMl  235 

AUleoa  OIt.,  SM 

Nlekal-Beae 

H»st<illoy  -C' 

Ha/Ofls  Stsilits 

^isksl^Baas 

X2S,50Q 

6d,2 

H.st«U07 

Heyeei  StalXlU 

Slckei-Sase 

Inconel 

EAynes  StaUlte 

Hickal-Bsss 

93,300 

36,3 

IneoMl  "U* 

Xbco 

100,000 

40,  c 

majc. 

Incoaei 


Is  CO 


m^ooo 


5. 


TASLE  2  -  (  CDIIT'! 


iliOI 

OTICll 

' HlSOTlCIURiE 

CU5S 

A^f€^Lm 

O-TIHATE 

StSANGTB 

p*l 

•2m 

StKSiCtli 

pal 

Xacoloy  901 

Inc  9 

Nlckal-'Be.sa 

109,000 

45yOCO 

M  -  252 

i:tel79rs4l  Cjrclopa 

Rlckal-Boie 

132,250 

57, IW 

R  -  235 

H«yn«s  StoLUu 

Nlcxal-E«s9 

U7,5aQ 

73,500 

Rans  41 

Cans9n  •>  ^kakagoa 

Niekal-Sasa 

13-', 500 

65,000 

Uaimat  5CX3 

Utlc*  Drop  ?orga 

Nlck9l-3as» 

— 

Udlett  600 

Utlc*  Stop  ?orga 

iiflckal-Basa 

*  “  “ 

— 

UdljMt  TCQ 

Gtic*  Drop  Forga 

Nlckal-Bttsa 

— 

W«9pa^llo7 

t5ni7»rMl  Cyclop* 

MckaX-Baaa 

J  -  1650 

C&rboloy  (GS) 

Cbrc^ua,  {U.ckal,  Cobiiltir  Iron 

140,000 

Hiltioat 

Eaynea  StalXlta 

Qbzoai.\m,  Nlckal,  CoUlt,  Iron 

!J  -  155 

UiilTarsil  Cyclop* 

Cbzoalua,  Hlcksl,  Cobalt,  Iron 

L  -  frS5,  (HS  25) 

Uniaaraal  C/clopa 

Cob«It-3as9 

1*4,500 

66,700 

TtorMnol 

ill*gti«qy  ludlua 

Iron,  Aluaintaa 

t^5,0(X> 

65,000 

M^lybdamsa 

?7,C00 

75,c:oo 

tfcly  -  0.5T1 

ClltBox  Malytd«Bua 

Kolybii*nua-B*s« 

130-200,000 

120-180,000 

B»77lllUD 

Bnub  SarylliUB 

125,000 

95,000 

B«.  Alloy 

Coliiaibiua 

39,400 

24,200 

T&ati.luD 

55,000 

36,000 

Timaston 

) 


aE4f 

tRiJiTED 

ai.XIK*tE 

,2i  nUM 

fCPJ-CWl 

irrl 

• 

StSJU^OlH 

STBLIKJU 

a 

7£rsp 

Tt9? 

A 

?=1 

?ai 

A 

? 

. 

? 

PJD-Xfia 

46 

167,000 

1C7 ,  XO 

zt 

Hasoa 

rrxcijv-r'ae 

X00/4tra  -  iZ 

44 

175, 000 

?3,0J0 

25 

H'3ca  cr 

i2:o-i5X 

IfSVsira  -  ACj 

1950 

UC'-'/lShr*  -  AC 

43 

lal.S'X 

98,CCO 

27 

Aooa 

13X 

015*’/  r»Cj 

ipco,  1.-J5  »s= 

50 

135,'30C 

130, CCX 

6-6 

.■^Qcc  cr 

17X 

-  40; 

1950 

XX/.ciira  -  10 

■ 

193,000 

U5,CX 

13 

l775/,i:r3  -  AO; 
4.554/'— Lrs  -  Xj 
l4'—  *c*Lr*s  —  ist 

17C,C00 

137, coo 

*3 

1330 

I575/4cr3  -  AC; 
l550/2.1.hr3  -  IC; 

1350 

l4>-0/lcisr3  -  AC 

-9 , 7,'  iXTS  -  AC; 

akJvW  «'  OnT,  r  5  •  AO  J 

XOO/lscra  -  AC 

133,  MO 

U5,C00 

23 

I975/46r3  -  AC; 
i55C/24lir3  -  AO; 
14CC/l6fcrs  -  AC 

45 

205,000 

143, OCO 

27 

iioca  or 
1950 

1300 

l4C0/lclirs  ago- 

Ua,100 

5a,Q0Q 

45 

2X0 

2150/  -  HAC 

119, (XO 

57,  OCO 

43 

Ho  012  or 
12C0-1750 

150C 

53.3 

202,000 

136,950 

16.5 

455 

1300-1900 

20%  GQld-reJuctica 
U.CC/164rs  ag« 

2-5 

3CO{aia.} 

ICOO 

C»9d  In  1925  ?  solu- 
wlos  tfaatad  coodn 

19 

120-173,000 

1 

12'C-UCX5 

Froa  powdar 

2-20 

— 

2CO-40C 

i6ca 

1-5 

3C0 

49 

9o-l30,000 

■ 

1 

ICCO 

loii  .-jirjcad 

27.4 

HC-16Q,000 

1-1.5 

Hoc-a 

Cold  worked! 

70-300,000 

C-2 

Zold  worked 

AC 

-  Air  eocled 

JUC  -  Rapid 

air  coolidj  C4  - 

Cli  quarch,;  -  Water  que,-jc±,  | 

Total 

0  ... 

X 

Saab 

- 

D.  Nspler  fc  Son 

Havker 

Canadnlr  . 

.... 

Avro 

WrlRlit  Aerotwutleal 

WcatlnAhObSe  AGT 

Tomco 

Solar  -  San  Diego 

— 

I  Slkorekr 

Republic 

m 


Reactloa  Motor* 

gorthrop _  . 

Harth  AioertcaB  h»  h* 

Sorth  Aioerlcan  -  Columbus 
McDonnell 
Martin  -  Denver 
Hartln  -  B^iltinore 

LcK!khggd  -  Oecargla 
Lockheed  -  Burbank 

Bamilton  Btandard 

Qrmnnaia _ _ _ 

FlreBtooe 

Falrcbild 
Potiglae  -» 

Convalr  -  San  Diego 
Coavalr  »  Fort  ¥ortb 

Cleveland  Fbaujaatlc 
Chartce-Vou^t 
Ceegna  _  _ 

Boejisfi  -  Wichita 

Boeing  8*'.attlg 
Bell  Helicopter 

8eU  -  Buffftia _  1  I 

S««gh 
Am>oii 


% 


'j 


5 

6 


*4  O 
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TABLE  3  (COHT'D) 


RESULTS  OF  SUlU.'Ei  CF  CASTABLE  CERA'UC 
M^UIUFACTURERS  Alffi  RESEARCH  IrSTlTUTIOIS 


COMPANY  mm  A?JD  ADDRESS 

. 

M 

f  f 

M 

n 

w 

I' 

CO 

< 

S 

*r-4 

a 

rq 

in 

0 

e 

g 

H 

U 

i 

§ 

>-< 

Q 

0 

W 

- 

S 

g 

H 

0 

< 

1 

:'5 

e 

e 

1^ 

M 

£Q 

SUPPLIED  SAMPLE  klATERIAL  j 

VISITED  ! 

0 

(V 

i-k 

1-4 

< 

U 

H 

a 

u 

e 

a 

u 

w 

a. 

1.  Aber  Co. 

Box  2535 

Houstua,  Texas 

1 

2.  Acme  Brick  Co. 

Fort  V.'orth  2,  Texas 

1 

1 

3.  Adamos  Carbide  Corp. 

Kenilworth,  New  Jersey 

It.  Advanced  Vacuum  Product.s,  Inc. 

430  Fairfield  Ave. 

Stamford,  Connecticut 

X 

5.  Aetna  Fire  Brick  Co. 

Oak  mil,  Ohio 

6.  Allied  Porcenell,  Inc. 

6641  S.  Narrapansett 

Chicai'.o  36,  Illinois 

X 

1 

7.  .Alvsey  Brick  &  Tile  Co. 

Alaey,  Illinois 

1 

8.  Aluminum  Compe  ;y  of  America 

Chemicals  Division 

1501  Alcoa  Bldg. 

Pittsburgh  19,  Pennsylvania 

X 

X 

X 

1 

9.  Alurainura  Limited  Sales,  Inc. 

630  Fifth  Ave. 

New  York  20,  N.  Y. 

X 

h - 
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TABLE  4  (Cont‘<J) 


19.  Basic  Inc. 

845  Hanna  Bldg. 
Cleveland  15,  Ohio 


20.  Botteile  Memorial  Institute 
505  King  Ave. 

Colusahus  i,  Ohio 


21.  Hettinger  Corporation 

Gore  St. 

Waltham  54,  Massachusetts 

22.  Bjoj-ksten  Research  Laboratories 

P.  0.  Box  1175 
Madison  1,  Wisconsin 

23.  Dotfield  Refractories  Co, 

Swanson  &  Clymer  St. 
Philadelphia  47,  Pennsylvania 


2h.  The  British  Ceramic  Research  Association 
Queens  Rood 
Penkhull 

_ Stoke-on-Trent  _ _ 

?5 .  The  British  Ceramic  Society 
Federation  House 
Stoke -on -Trent 

_ Staffs _ _ _ 

26.  Brush  Beryllium  Co. 

4301  Perkins  Ave. 

Cleveland,  Ohio 


0  g 

p  u 

M  << 

o  ^ 

<  5 


£■•  ca  a. 

in  a  s  0. 


o  M  D 
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COMPANY  NAME  AND  ADDRESS 

0 

M 

a 

b 

r— * 

<t 

6 

g 
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a 

rq 

< 

ifi 

U 
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g 

s 

i 

>< 

a 

0 

Q 

1 

0 

<< 

1 

Q 

(3 

M 

« 

1 

a 

ei 

a 

w 

M 

.4 

a, 

P-* 

10 

VISITED 

28.  Godfrey  L.  Cabot,  Inc. 

39  Memorial  Dr. 

Cambridge  4?,  Massachusetts 

X 

X 

X 

> 

P9-  University  of  California 

Div .  of  Mineral  Technology 

Berkeley  4,  California 

X 

_ 

30.  Universit.y  of  California,  L.  A. 

Ceramics  Department 

Los  Angeles,  California 

X 

1 

31.  Cambridge  Tile  Manufacturing  Co. 

Cincinnati  15,  Ohio 

32.  Carborundum  Co. 

P.  0.  Box  337 

Niagara  Falls,  New  York 

X 

X 

X 

_ J 

X 

33  •  Carborundum  Co . 

Refractories  Dlv. 

Perth  Amboy,  New  Jersey 

X 

X 

X 

X 

34 .  Carborundum  Co ■ 

Refractories  Dlv, 
latrobe,  Pennsylvania 

Formerly  Stupakoff  Division 

X 

X 

1 

35.  Cedar  Height  Clay  Co. 

50  Portsmouth  Road 

Oak  Hill,  Ohio 

1 

1 

36.  Centralab 

Division  of  Globe  Union 

900  E.  Keefe  Ave. 

Milwaukee  1,  Wisconsin 

X 

X 

x" 
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COMPANY  NAf®  AND  ADDRESS 

Cerairaseal  Co. 

P.  0.  Box  23 

New  Lebanon  Center,  New  York 

38. 

Ceramic  Industry 

5  S.  Wabash  Ave. 

Chicago  3-  Illinois 

39. 

Ceramic  Supply  Co. 

Div.  of  Ferro  Corp. 

Crooks vl Lie,  Ohio 

ho. 

Champion  Spark  Plug  Co. 

Toledo  1,  Ohio 

liL. 

Chattahoochee  Brick  Co. 

Chattahoochee,  Georgia 

42. 

Chicago  Fire  Brick  Co. 

1419-67  Elston  Ave. 

Chicago  22,  Illinois 

^3. 

Clayburn-Harbison  LTD 

Fonder  Bldg. 

Vancouver,  B,  C.,  Canada 

44. 

Clearfield  Clay  Products  Co. 

P.  0.  Box  748 

Clearfield,  Pennsylvania 

^5- 

Clemson  College 

Dept,  of  Ceramic  Engineering 

Clemson,  South  Carolina 

Page 
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46.  Climax  Fire  Brick  Co, 

Climax,  Pennsylvania 


47.  Columbia  Fire  Brick  Co, 

6l2  First  National  Bank  Bldg. 
Canton,  Ohio 


48,  Department  of  Commerce 

Office  of  Technical  Services 
Washington  2^,  D.  C. 

49.  Cormnerclalures,  Inc. 

Clover,  South  Carolina 


50,  Continental  Coatings  Corp. 
140  S,  Dearborn 
Chicago,  Illinois 


51.  Coors  Porcelain  Co. 

600  Ninth  Street 
Golden,  Colorado 


52.  Corhart  Refractories  Co.,  Inc, 
940  Commonwealth  Bldg. 
Louisville  2,  Kentucky 


53-  Cornell  Aeronautical  Laboratory,  Inc 
of  Cornell  University 
4455  Genesee  St. 

Buffalo  21,  New  York 


54.  Corning  Glass  Works 

Corning,  New  York 


Page  42 


TABLE  4  (Cont'd) 


COMPAOT  NAME  AND  ADDRESS 

>1 

e 

g 

M 

W 

3 

CASTABLE  MANUFACTURER  ] 

S 

S 

0 

i 

Q 

0 

a 

0 

< 

5 

g 

M 

CQ 

3 

1 

3 

r» . 
d 

{fi 

Q 

M 

iJ 

O. 

& 

CO 

VISITED 

d 

M 

vJ 

U 

M 

a 

s 

n 

0 

w 

CK 

55.  G.  &  W.  H.  Corson,  Inc. 

Plymouth  Meeting,  Pennsylvania 

X 

X 

1 

1 

X 

1 

56.  Corundlte  Refractories  Inc. 

Newman  &  Lengholz  Roads 

Massillon,  Ohio 

1 

1 

1 

1 

57.  Crescent  Brick  Co.,  Inc. 

Box  368 

New  Cumherland,  West  Virginia 

1 

1 

1 

1 

1 

1 

50.  Frederick  J,  Dando  Co. 

Irondale,  Ohio 

X 

1 

1 

1 

1 

1 

1 

59*  Davis  Fire  Brick  Co. 

Oak  Hill,  Ohio 

X 

X 

1 

1 

1 

1 

1 

60.  Denver  Fire  Clay  Co. 

2303  Blake  Street 

Denver  17 j  Colorado 

X 

1 

1 

1 

1 

1 

X 

61.  Dlamonlte  Product  Manufacturing  Co. 

1232  Cleveland  Ave.,  N,  W. 

Canton  3#  Ohio 

X 

1 

1 

1 

1 

1 

62,  J.  Dlrat  &  Co.,  Inc. 

Notre  Dame  St. 

Westfield,  Massachusetts 

1 

1 

1 

1 

63.  Du-Co  Ceramics  Co. 

Box  567 

Butler  8,  Pennsylvania 

X 

1 

1 

T,\BLS  4  (Cotit’d 
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ra 
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64.  Duramic  Products,  Inc. 

262-72  Mott  St. 

New  York  12,  New  York 

_ _ (Formerly  Technion  Design  &  Manufacturing  Co.,IncJ 

65.  Durex  Refractories  Co, 

Jackson,  Ohio 


to  o 
H  w 


66.  Eastern  Clay  Products  Department 

International  Minerals  &  Chemical  Corp. 
20  N.  Wacker  Dr. 

Chicago  6,  Illinois 


67.  Electrical  Refractories  Co. 

East  Palestine,  Ohio 


68.  Electro  Refractories  &  Abrasives  Corp. 
344  Delaware  Ave. 

Buffalo  2,  New  York 


69.  Eureka  Fire  Brick  Works 

Mt.  Braddock,  Pennsylvania 


70.  Exolon  Company 

950  E.  Niagara  St. 
Tonawanda,  New  York 


71.  Federal  Refractories 

5300  E.  Tallmadge  Ave. 
Akron,  Ohio 


72.  Findlay  Clay  Products  Co. 

Washington,  Pennsylvania 
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77. 
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80. 


81. 
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COMPANY  NAME  AND  ADDRESS 


Flexlbrlck  Refractories  Co. 
4209  •  Greenfield  Ave. 

Milwaukee  4,  WlBconsln 


Foote  Mineral  Co. 

10  W.  Chelten  Ave. 
Philadelphia  44,  Pennsylvania 


J,  H.  France  Refractories  Co. 
ig44  France  Rd . 

Snow  Shoe ,  Pennsylvania 


Franklin  Institute 

Benjamin  Franklin  Parkway  at  20th  St, 
Philadelphia  3,  Pennsylvania 


Freeman  Fire  Brick  Co, 

P.  0.  Box  606 
Canon  City,  Colorado 


Freeport  Brick  Co. 

Box  402 

Freeport,  Pennsylvania 


Frenchtown  Porcelain  Co. 

Frenchtown,  New  Jersey 


Fulmer  Research  Institute 
Stoke  Poges 

Buckinghamshire ,  England 


Garfield  Refractories  Co. 
320  Alherta  St. 
Bolivar,  Pennsylvania 


n 


X 


X 


X 


X 


i 


Q 

o 


th 

K 


86.  Georgia  Sanitary  Pottery  Co. 
l8CX)  Murphy  Ave. 

East  Point,  Georgia 


87.  Gladding,  McBean  &  Co. 

290X  Los  Fellz  Blvd . 

Los  Angeles  39>  California 


88.  Glaerock  Corp. 

1101  Glldden  St. 

Atlanta,  Georgia 

(Formerly  North  Brothers  Foundry  &  Mold  Co.) 


89.  Glendon  Pyrophylllte  Co. 

IlOU  E.  Wendover  Ave. 
Greensboro,  North  Carolina 


90.  Globe  Brick  Co. 

P.  0.  Box  765 
East  Liverpool,  Ohio 
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COMPANY  NAME  AND  ADDRESS 

91. 

A.  P-  Green  Fire  Brick  Co. 

Mexico,  Missouri 

92. 

Gulton  Industries,  Inc. 

212  Durham  Ave . 

Metuchen,  New  Jersey 

93. 

Harhl son -Walker  Refractory  Co. 

Farmers  Bank  Bldg. 

Pittsburgh  22,  Pennsylvania 

9U. 

Harshaw  Chemical  Co. 

Cleveland  6,  Ohio 

95. 

Haws  Refractories  Co. 

407  Main  St. 

Johnstown,  Pennsylvania 

96. 

Hill  Brick  Co. 

51  St.  &  Claire  Ave. 

E.  St.  Louis,  Illinois 

97. 

Hurst  Laboratories 

514  37th  St.  N. 

St.  Petersburg  2,  Florida 

98. 

University  of  Illinois 

Dept,  of  Ceramic  Engineering 

208  Ceramics  Bldg. 

Urbana,  Illinois  . 

99. 

Illinois  Clay  Products  Co, 

68  N.  Chicago  St, 

Joliet,  Illinois 

>*\  u 
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tabij:  4  fCotit»d) 


COMPANY  NAME  AND  ADDRESS 

ANSWERED  INQUIRY 

CASTABLE  MANUFACTURER 

e 

i 

Q 

0 

fQ 

S 

u 

§ 

e 

g 

M 

SUPPLIED  SAMPLE  MATERIAL 

VISITED 

REC’D.  TECHNICAL  INFO. 

100.  Industrial  Ceramic  Products,  Inc, 

Columbus  8,  Ohio 

1 

1 

1 

101.  Inland  Fire  Brick  Co. 

Berea  ft  Ellnvood  Rds. 

Cleveland  11,  Ohio 

1 

1 

1 

102.  Ironton  Fire  Brick  Co, 

Ironton,  Ohio 

X 

X 

- 1 

1 

X 

103.  Johns -Man vl lie 

22  E.  40th  St. 

New  York  I6,  New  York 

- 1 

X 

X 

X 

X, 

X 

104.  E.  F.  Johnson  Co. 

224  2nd  Ave.,  S.  W. 

Waseca,  Minnesota 

1 

1 

1 

10^.  KLG  Sparking  Plugs  Limited 

Putney  Vale 

London,  S.  W.  15,  England 

X 

1 

1 

1 

106,  Kaiser  Aluminum  ft  Chemical  Corp. 

Chemical  Division 

Columbiana,  Ohio 

1 

1 

107.  Kearfott  Co.,  Inc. 

1378  Main  Ave. 

Clifton,  New  Jersey 

X 

1 

1 

X 

X 

108,  Kentucky  -  Tennessee  Clay  Co. 

Paris ,  Tennessee 

L„ 

1 

1 

1 
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COMPANY  imME  AND  ADDRESS 
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fi  3  ®  e  3 

^  3  O  H  & 

<«;  u  CP  («  w 


118.  E.  J.  Lavino  and  Co. 

3  Penn  Center  Plaza 
Philadelphia  2,  Penntsylvanla 


REG’D.  TECaNICAL  INTO 


Page  50 


TABLE  4  (Cont'd) 


COMPACT  NAME  AND  ADDRESS 

K 

M 

«=-< 

M 

1 

<3C 

iS 

g 

§ 

a 

< 

CQ 

0 

0 

g 

0 

1 

>* 

Q 

0 

CP 

0 

0 

3 

a 

i 

M 

fP 

SUPPLIED  SAMPLE  .^-ATERIAL 

VISITED 

c 

h 

H 

u 

H 

@ 

U 

e 

Q 

0 

W 

cci 

136.  Mt,  Savage  Refractory  Co. 

1028  Grant  Bldg. 

Pittsburgh,  Pennsylvania 

1 

1 

1 

1 

1 

1 

1 

137.  Murray  Refractories  Co. 

P.  0.  Box  333 

Murray,  Utah 

1 

1 

1 

1 

1 

1 

1 

138.  National  Bureau  of  Standards 

Engineering  Ceramics  Section 

Washington  25,  D.  C. 

1 

1 

1 

1 

1 

1 

139'  National  Carbon  Co. 

Dlv,  of  Union  Carbide  &  Carbon  Co. 

W.  il7th  St.  and  Madison  Ave. 

Cleveland,  Ohio 

X 

1 

1 

1 

X 

1 

ihO.  National  Refractories  Co. 

225  s.  15th  St. 

Philadelphia,  Pennsylvania 

1 

1 

1 

1 

14 1.  National  Refractories  Limited 

Port  Robinson 

Ontario,  Canada 

1 

1 

1 

142,  Department  of  the  Navy 

Office  of  Naval  Research 

Materials  Branch 

Washington  25,  D.  C. 

1 

1 

1 

143.  New  Castle  Refractories  Co. 

New  Castle,  Pennsylvania 

1 

1 

1 

1 

1 

144.  State  University  of  New  York 

College  of  Ceramics  at 

Alfred  University  . 

Alfred,  New  York 

X 

1 

1 

1 
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TABLE  h  (Cont»d) 


COMPANY  NAME  AND  ADDRESS 

ANSWERED  IKQUIBY 

0 

B 

S 

1 

g 

< 

U 

0 

g 

E-i 

0 

< 

1 

Q 

0 

m 

1 

0 

< 

5 

0 

g 

H 

m 

.1 

a 

'■M 

tn 

p 

w 

M 

04 

P4 

0 

C/3 

.VISITED 

d 

P 

0 

M 

H 

0 

s 

P 

a 

w 

cc 

145.  Niles  Fire  Brick 

Dlv.  of  Mexico  Refractories  Co. 

165  E.  Park  Ave. 

Niles,  Ohio 

1 

1 

1 

1 

1 

1 

146.  North  American  Refractories  Co. 

National  City  E.  6th  Bldg. 

Cleveland  l4,  Ohio 

X 

X 

1 

1 

X 

X 

X 

147.  North  State  Pyrophyllite  Co.,  Inc. 

Greensboro,  North  Carolina 

X 

1 

X 

1 

X 

l46.  Norton  Co. 

Worcester  6,  Massachusetts 

X 

X 

1 

_ 1 

X 

149.  Oak  Hill  Fire  Brick  Co. 

Oak  Hill,  Ohio 

1 

1 

1 

1 

150.  Ohio  State  University 

Engineering  Experiment  Station 

Columbus  10,  Ohio 

X 

1 

1 

1 

1 

151.  Old  Hickory  Clay  Co. 

P.  0.  Box  271 

Paducah,  Kentucky 

X 

1 

1 

X 

1 

X 

152.  Orefractlon,  Inc. 

7425  Thomas  St. 

Pittsburgh  8,  Pennsylvania 

1 

1 

1 

1 

1 

1 

1 

153 <  Owens-Illinois  Glass  Co. 

Owens-Illinois  Bldg. 

Toledo  1,  Ohio 

X 

1 

1 

1 

1 
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TABLE  I*  (Cont'd) 


COf'tPANY  NAME  AND  ADDRESS 

e 

2 

M 

M 

1 

CO 

< 

CASTABLE  MAKUFACTUHER 

BODY  MANUFACTURER 

a 

u 

< 

S 

e 

g 

M 

ca 

SUPPLIED  SAi'-lPI.£  MATERIAL 

VISITED 

REC'D.  TECHNICAL  INFO. 

15^.  The  Pennsylvania  State  University 

College  of  Mineral  Industries 

University  Park,  Pennsylvania 

X 

1 

1 

1 

X 

X 

1^5.  George  F.  Bettings,  Inc. 

1200  Locust  St, 

Philadelphia,  Pennsylvania 

1 

1 

1 

1 

1 

1 

156.  Plibrlco  Co. 

1800  Kingsbury  St. 

Chicago  l4,  IlllnolB 

X 

X 

1 

X 

X 

X 

157.  Poor  &  Co. 

Promat  Dlv. 

851  S.  Market  St. 

Waukegan,  IlllnolB 

X 

1 

1 

1 

1 

1 

158.  Frank  B.  Pope  Co. 

Frick  Bldg. 

Pittsburgh  19,  Pennsylvania 

1 

1 

1 

1 

1 

1 

159*  H.  K.  Porter  Co.,  Inc. 

Mulllte  Works 

185  Canal  St, 

Shelton,  Connecticut 

X 

1 

1 

1 

1 

1 

160.  Portsmouth  Clay  Refractories  Co. 

South  Webster,  Ohio 

1 

1 

1 

1 

1 

1 

161.  Pure  Carbon  Co.,  Inc. 

Bt.  Marys,  Pennsylvania 

X 

1 

1 

1 

1 

1 

162.  Pyro  Refractories  Co. 

P,  0.  Box  1^66 

Oak  Hill,  Ohio 

X 

1 

1 

1 

1 

1 

Page  5*^ 


CONiPAfJY  NAME  AND  ADDRESS 


163.  Quigley  Co.,  Inc. 

5P7  5th  Av-e. 

New  York,  New  York 


l64.  Ramtite  Co. 

Div,  of  S.  Oberriiayer  Co. 
2563  W.  18th  St, 

Chicago  8,  Illinois 


165.  Raytheon  Manufacturing  Co. 

Waltham,  Massachusetts 


166.  Refractories  Institute 

Pittsburgh  22,  Pennsylvania 


167.  Refractory  &  Insulation  Corp. 
120  Wall  St. 

New  York  5,  New  York 


166.  Refractory  Specialties  Co. 

2200  Washington  Ave. 
Philadelphia  46,  Pennsylvania 


169.  Hlchard  C,  Benuney  &  Sons 

Hadley  St.  &  Delaware  River 
Philadelphia  37 >  Pennsylvania 


170.  Rensselaer  Polytechnic  Institute 
Ceramics  Dept. 

Troy,  New  York 


171.  Robinson  Clay  Products  Co. 
Akron  9,  Ohio 
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TABLE  k  (Coat'd) 


COMPAOT  NAME  AND  ADDRESS 

K 

g' 

a 

in 

< 

CASTABLE  MANUFACTURER 

B 

B 

< 

i 

a 

0 

B 

S 

s 

< 

e 

p 

M 

SUPPLIED  SAf-PLE  MATERIAL 

VISITED 

1 

172.  Rutgers  University 

New  Brunswick,  New  Jersey 

X 

1 

1 

1 

■  X 

X 

173 •  S-K-C  Research  Associates 

445  5th  Ave, 

Patterson  4,  New  Jersey 

1 

1 

1 

1 

1 

1 

174.  Frank  Sarnual  ft  Co.,  Inc. 

2212  Lincoln  Liberty  Bldg, 

Philadelphia  7}  Pennsylvania 

1 

1 

1 

1 

1 

1 

1 

175*  Sauerelsen  Cements  Co. 

3389  Sharpsburg  Station 

Pittsburgh  15,  Pennsylvania 

X 

X 

1 

1 

1 

1 

X 

176.  Saxonburg  Ceramics 

Saxonburg,  Pennsylvania 

X 

... 

1 

1 

1 

1 

1 

1 

177 •  Secon  Metals 

7  Intervale 

White  Plains,  New  York 

1 

I 

1 

1 

1 

1 

1 

178.  Selas  Corporation  of  America 

Dresher,  Pennsylvania 

X 

1 

1 

1 

1 

X 

179*  Shenango  Refractories 

Dlv.  of  Shenango  China,  Inc. 

P.  0.  Box  120 

New  Castle,  Pennsylvania 

X 

X 

1 

X 

1 

100.  Sintercast  Corporation  of  America 

130  Woodworth  Ave. 

Yonkers  2,  New  York 

1 

1 

1 

1 

1 

1 
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COMPAOT  NAME  AND  ADDRESS 


e  0  g  r: 

fi  ^  @  G  d 

S'  P  ^ 

C3r  *3  O  p>^ 

g  <  5  ^ 


@  I 


f-(  X  p  Ck 

K)  W  Q  5  p 

a  Q  M  b 


Sylvanla  Electric  Products,  Inc. 
•Bayside,  Ne«  Jersey 


191.  Charles  Taylor,  Sons  Co. 

P.  0.  Box  58  -  Annex  Station 
Cincinnati  l4,  Ohio 


192.  Titanium  Alloy  Manufacturing  Dlv. 
National  Lead  Co. 

Hyde  Park  Blvd.  8e  Lafayette  Ave. 
Niagara  Falls,  New  York 


193.  United  States  Ceramic  Tile  Co. 
217  Fourth  St.,  N.  E. 
Canton  2,  Ohio 


194.  United  States  Stoneware  Go. 

Ante  Division 
P.  0.  Box  119 

_ Qrrville,  Ohio _ 

195.  Universal  Atlas  Cement  Co. 

100  Park  Ave. 

New  York  17,  N.  Y. 


196.  Wahl  Refractory  Products  Co. 
420  Dickenson  St. 
Fremont,  Ohio 


197.  Walsh  Refractories  Corp. 
101  Ferry  St. 

St.  Louis  7,  Missouri 


198,  Wellsvllle  Fire  Brick  Co. 

Wellsvllle,  Missouri 
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TABLE  5 


RESULTS  OF  SITRVEY  OF  DOr-ESTlC  AI®  FOREIGN  AIRCRAFT 
Airo  ALLIED  COJ-ffAinES  CONTACTED 


AIRCRAFT  AND  ALLIED  COMPANIES 


1.  Aei'o  Design  8e  Engineering  Co. 
Tulakes  Airport 
Oklahoma  City,  Oklahoma 


2.  Aerojet  -  General  Corporation 
Box  296 

Azusa,  California 


3.  Allison  Division 

General  ^tors  Corporation 
Indianapolis,  Indiana 


4.  Beech  Aircraft  Coi*poratlon 
Wichita  1,  Kansas 


5.  Bell  Aircraft  Corporation 
P.  0.  Box  1 
Buffalo  New  York 


6.  Bell  Helicopter  Corporation 
P.  0.  Box  482 
Port  Worth  1,  Texas 


7.  Boeing  Airplane  Company 
P.  0.  Box  3707 
Seattle  24,  Washington 


Boeing  Airplane  Company 
Wichita,  Kansas 


9*  Cessna  Aircraft  Company 
?*  0,  Box  1977 
Wichita  1,  Kansas 
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TiVBUE  5  (Cont'd) 


AIRCRAFT  AM)  ALLIED  COMPAMUS 

QUESTIONHAIRS  COMPLETED 

VISITED 

CERAMIC  TOOLING  ACTTVITI 

10,  Chance  Vought  Aircraft,  Inc. 

P.  0.  Box  5907 

Dallas,  Texas 

X 

1 

X 

X 

11.  Cleveland  Pneumatic  Tool  Co, 

3781  E.  77th  Street 

Cleveland  5/  Ohio 

X 

1 

X 

1 

IP.  Convalr,  Division  of 

General  Dynsunics  Corp. 

Fort  Worth,  Texas 

X 

1 

X 

X 

13.  Convalr,  Division  of 

General  Dynamics  Corp. 

San  Diego,  California 

X 

1 

X 

1 

IL.  Douglas  Aircraft  Company,  Inc. 

3000  Ocean  Park  Blvd. 

Santa  Monica,  California 

1 

X 

X 

1 

15,  Douglas  Aircraft  Company,  Inc, 

Tulsa,  Oklahoma 

X 

1 

X 

1 

16.  Fairchild  Engine  &  Airplane  Corp. 

Fairchild  Aircraft  Dir. 

Hagerstown,  Maryland 

X 

1 

X 

1 

17.  Firestone  Tire  &  Rubber  Co. 

1200  Firestone  Parkway 

Akron  17,  Ohio 

X 

1 

1 

1 

18,  Flight  Refueling,  Inc. 

P.  0.  Box  1701 

Baltimore  3»  Maryland 

1 

1 

1 

1 

1 
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AIRCRAFT  AND  ALLIED  COMPANIES 

QUESTIONNAIRE  COMPLETED 

0 

VISITED 

CERjIMIC  tooling  activity 

19.  Ford  Motor  Co.,  Aircraft  Division 

7401  S.  Cicero  Avenue 

Chicago  29,  Illinois 

1 

1 

1 

1 

20,  The  Garrett  Corporation 

AlResearch  Mfg.  Dlv. 

9851  Sepulveda  Blvd, 

Los  Angeles  45.  California 

1 

1 

1 

1 

21.  General  Electric  Co, 

AGT  Division 

Evendale,  Ohio 

1 

1 

1 

1 

22.  Goodyear  Aircraft  Corporation 

Ahron  15,  Ohio 

1 

1 

1 

1 

23»  Grumman  Aircraft  Engineering  Corp, 

Bethpage,  L.  1.,  New  York 

X 

1 

X 

X 

24.  Hamilton  Standard  Div. 

United  Aircraft  Corp, 

Windsor  Locks,  Connecticut 

X 

1 

1 

1 

25.  Hiller  Helicopter 

Palo  Alto,  California 

1 

X 

1 

1 

26.  Hughes  Tool  Company 

Aircraft  Dlv. 

Culver  City,  California 

1 

1 

1 

1 

27,  Jack  &  Heintz,  Inc. 

Cleveland  1,  Ohio 

1 

1 

1 

1 

AIBCRAFT  AND  ALLIED  COMPANIES 


28.  Lockheed  Aircraft  Corp. 

Burbank,  California 


29.  Lockheed  Aircraft  Corp. 
Missiles  Dlv. 
Sunnyvale,  California 


30.  Ix)ckheed  Aircraft  Corp. 
Missiles  Dlv. 

Van  Nuys,  California 


31.  Lockheed  Aircraft  Corp. 

Georgia  Division 
Marietta,  Georgia 


32.  Marquardt  Aircraft  Co. 

16555  Satlcoy  St. 

Van  Ruys,  California 


33-  The  Martin  Co. 

Baltimore  3>  Maryland 


3^.  The  Martin  Co. 

P,  0.  Box  179 
Denver  2,  Colorado 


35.  McDonnell  A  1  .'craf t  Corporation 

Larabert-St.  Louis  Municipal  Airport 
P.  0,  Box  516 

St.  Louis  3^  Missouri _ 

36.  North  American  Aviation,  Inc. 

4300  E.  Fifth  Ave. 

Columbus  16,  Ohio 
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37.  North  American  Aviation,  Inc. 

International  Airport 
Los  Angeles  U5,  California 


38.  Northrop  Aircraft,  Inc. 

1001  E.  Broadway 
Hawthorne,  California 


39.  Plasecki  Aircraft  Corporation 

Island  M.,  International  Airport 
Philadelphia  k2,  Pennsylvania 

40,  Pratt  &  Whitney  Aircraft  Div. 

United  Aircraft  Corp. 

East  Hartford  8,  Connecticut 


Ul.  Beactlon  Motors,  Inc, 

Denvllle,  New  Jersey 


I42.  Republic  Aviation  Corporation 

Farmingdale,  L.  I.,  New  York 


43.  Rohr  Aircraft  Corporation 
P.  0.  Box  878 
Chula  Vista,  California 

14^1.  Ryan  Aeronautical  Company 
2701  Harbor  Drive 
San  Diego  12,  California 

45.  Sikorsky  Aircraft  Division 
South  Avenue 
Bridgeport,  Connecticut 
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TABLE  6  ipRESEIiT  AUD  /.IfTICIPATED  HOT  FORI-'iIUG  TECimiQUES 


AIRCRAI-T  AND  ALLIED 
COMPANIES 


Presently  used 
Anticipated  for  future  use 
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It.*  >4aWu  V.  mW.‘ 
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2C)>23  :)ta.  par  IOC#*  Air  sattlng. 

Hydra\klLc  Sitting 

> 

550 

Fifsd 

Ccoant 

5 

ll'L'Q 

395 

-c.aJ 

2.21 

1750  F 

5 

1500 

2.46 

5  hr*. 

j 

5 

1750 

,.90 

-3.J* 

2.74 

75(/rt^ 

1 

5 

2C-CI0 

! 

5 

*20 1 

?j90 

-O.i* 

1 

5 

iitl-'O 

16^0 

KI.5* 

5 

<602 

3.1.1E.1 

:illlco;-,llur!lna 

Cjl«t 

12 

a.T. 

C-ood 

Good 

2300  F 

jTied 

Ntv  with  lt4IUf  watar  by  ,*a.9-rit: 

and 

230  If 

700 

uWrt' 

9-U^lC.  j-r  100#.  *lr 

i^/'lraalic  Setting 

550 

f  Lrts 

G«r«nt 

> 

.200 

560 

C* 

3.85 

5  ar». 

1500 

4.1a 

I’^sc  F  , 

5 

1750 

3X 

0* 

4.33 

2X0 

5 

2200 

560 

rt.3» 

! 

S 

1400 

15X 

♦1.6* 

1 

2dQ0 

-1.1* 

' 

3.1.1T.1 

Kl^JHuAina 

Cait 

L2 

R-T. 

Good 

Good 

3000  F 

Dri«d 

Mix  wlta  12-15*  uatar  by  walgtt; 

pluf 

5 

220  f 

1670 

134rf/ft^ 

cjt*.  par  100#.  Air  setUrig. 

K>'ir«ulic  Sattlcg 

550 

Flr#d 

Cettutt 

5 

12C0 

1065 

"O.kilt 

4.60 

5  hr*. 

1500 

4.90 

1750  F 

1 

5 

1750 

-0.2)C 

5.15 

i3W/rt^ 

1 

5 

2000 

5.40 

' 

5 

i20Q 

<0.2« 

5 

ZuOQ 

-0.4* 

f 

5 

3000 

1 

1 

_ 

-0.7< 

i 

i 

f 

i 

^  . 
P  ) 
m  i 

o  . 

a>} 

ov 
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■  Alt  MATieiAU 

coel 

4 

tmoct 

flreelay 

plus 

Hydraulic  Oeaeat 

3.1.3A.1 

Oalclnsd  Kaolin 
pSwa 

Fer&lanI  Ceicant 

Csilelned  KaoIIb 
plus 

Ca.  Alunisut* 
Csoant 


TABL3  7  -  (  COIIT'D  ) 


CUlf  *  RIRIHC  j  CQHiRlItStIwt  tr«KNaTK 


a«0ULU3  RURTgft 


«.w»  c*iT  I  MociPij>sg  i  rttmo  at  tut*3  at  !  titTea  at  1  rijTia  at 


Prsftrsd 
2CCO  ? 


ir«d 
2O0G  ? 


250Q  FjDrisd  j  Sasm  ec«fflcl«Bt  of  •zpaiisloB 
i,U44//fW  ••  tt##!. 
ifjred 

1500  7  J 


XMmLin 

plus 

C«.  AIoadn&Ld 
Canoot 


C«lcined  KsolU 

plus 

Fcrtilaod  CsMDt 


iCAleintd  E«olln 
plus 

Fortlaad  Gouiat 


3300 

1 

820 

2200 

i  J50 

1930 

325 

1500 

325 

2200 

3COO 

' 

1  ICCO 

2400  F;i4;ids'i  .  Good  Bbraiion  rosiatanc*. 

C^3t  wtth  use  of  laternel  Tibrttcr 
jUrlsd  Stray  -ItTi  water  dufin?  R.T,  curir 


2300  r  LHsiJed  J  This  aestlons  oTuy. 

llCWftd  ?la«tlc-llke  saterLil. 


k6Q0  7'illolded  Reslstt  arosion. 

Cast  ulth  use  of  Interwil  ilbrator 


Page  6; 


TABLE  7  (GONT'D) 


MDCvuLUi  or  *urToiit 


reiTCo  *T 
HCAT  rji 


txr*NSlOM 

m  /m  /•r 


COnDyCTirjrY 


SHOCK 

•CSISt. 


DIUCMSIGNAL 


ITAOlLItT- 

CYCUWC 


stRvce 

TtMT, 


4:0 


230 

160 

170 


530 


250 

iioO 

3OQ 

250 


uoo 


290 

350 

1500 

2200 

2400 

2500 

23CC 


Pref tr*d 

2400  ? 


Good 


GiarirJci 

Q.5% 


pcoo  r  H^idod  , 


-0.3* 

-0.3* 

-C.5i 

-o.5i 

-0.5# 

-0*5i 

-0.3% 


7.8 


0 

-O.u 

-0.3:* 

^.4;6 

-0,7$ 

-0,7$ 

-1.0$ 

-1.0$ 


-0.2$ 

-0.3$ 

—0.4$ 

-0.4$ 

-0,5$ 

-0,5$ 

—0.6$ 


[Drl^d 

k2i>S/£f 
laired  ,1 


Good  TolujM  stability. 

Resists  spalling. 

Cast  with  us*  of  Ir.ternsl  vUr  itor. 
High  humialty  during  R.T.  cure. 


Shrinka 

1.0$ 


13100  F  frfclde: 


iDr  i«d  . 

ilTBar/ft' 


li'irad 


I174$/ft' 


'3200  T 


Good  trolUBfB  stability. 

Stands  high  teaperature  vLthout 
da Corns tlon. 

Cast  with  ««!«  of 


jMnlied 

|Ih"iad 


^60#/Cv 
[Fired  .j 
55#/ft^ 


High  hioaldlty  during  ft.T,  eur»*. 


980 

320 


C 

-0.4$ 


Good 


2600  r  ^lad 

\pis/tv 

piT©d 

nRd/c\} 


Cast  with  use  of  Intern'!  rlhrKt<r, 


1390 

357 


0 

-0,2$ 


2600  r 


^Ixad 


Cast  with  us#  of  intnrrjil  ■rlL-r-i.tur. 


am/ft 


26CC  T 


16-2000 

16- I5ca 

17- 2100 
17-2  uOO 

10- 1300 
10-1200 

11- 1300 
12-1530 
16-2000 


2-.3S 

Izi 

4-.6« 

4-.6#| 
4-.  6, 
2-,4^ 


X  icr^ 


3400  F 


9.8 

9.46 

9,36 

9.57 


'Dried  . 
165tf/rt^ 
Fired 
2000  f  ^ 


Mix  with  10—11$  vatar  by  •elt'ht. 


TABIE  7  (CONT'D) 


- 1 

«A»I  MAtlAlAL 

MAiUtlB. 

cu«e 

4  PHIIM6 

cowi'Re$s;vi  sTsCMsrH 

— 

MOCUtUS  OP  KUPTuai 

llZC 

COtPP.  OP 

TMCRMAL 

TWMMtU 

CtMZMMtMAL 

“zri 

caoi 

4 

iUI^  CAIT 

oaoceouae 

fCSTCfl  *T 

Tesreo  *T 

TESTED  A* 

Ttsreo  AT 

CHAMSC 

IKPAHSION 

COWOUCTf¥ir» 

iMOCV 

1TA1H.ITY- 

SfRViC* 

OEttUTT 

ncmaiks  I 

*wsi< 

eix. 

TEMP 

«,  T,  PU 

HEAT 

R.  T,  PIl 

M(EAT  PI1 

• 

iNYtN.  /®r 

< 

eulST. 

CrCLIMa 

T«*»P. 

3.1.5B.X 

AltULina-SUiu 

plus 

Cs.  iluiBlntts 
CeiMDt 

Cast  or 

1 

R.T. 
itO  F 
600 
1000 
1500 
iXO 
2250 
2200 
zni 

Z910 

X7-2500 

16-25^0 

16^2400 

i5-2lLO 

U-1500 

22-2600 

26-4400 

X-5900 

69-?4og 

6-750 

5- 700 
4-560 
3-460 
3-4OC 

6- 9X 
9-liX 
9-llX 

13-1500 

-.l-.JJ 

-.1-35 

-.1-3^ 
-4— 6j 
-5-1* 

-.1-5; 

6.4 

6.15 

5. HO 

5.72 

3X0  F 

Dried 
i-2f/fv 
Fired 
2000  F  . 
UWft- 

Hlx  with.  10-I23t  water  by  weigbt, 

! 

3.1.50.; 

riTscilay  jrog 
plus 

Hydrtullo  CajKin't 

Cast 

Irowal^l 

Extruded 

H.T* 
ao  f 

isOZ 

IXQ 

1.500 

2000 

2250 

2200 

ue-':uu60 

?^U70 

785-lOOC 

660-8C'5 

645-760 

750-860 

,2200-2520 

J6O-4IO 

230-330 

220-230 

UO-170 

110-130 

230-320 

900-1020 

-.l-.2^ 

-.1-.2? 

-.i-.4J 

-a-.3J 

1.6+1.: 

4..52 

5.12 

5.50 

5.88 

2700  F 

Drle-i  . 
i33i#/fV 
Fired 
2000  F  . 
LZOtf/ft' 

Hlx  with  10-13^  water  by  weight,  j 

! 

: 

1 

1 

J.l.jO.l 

Fireclay  grog 

^yiratiil?  Cenwat 

Oaat 

Trcualad 

Extruded 

R.T. 

220  r 
600 
lOOO 
1500 
2000 
2250 
2200 

r50-I120 

795-910 

720-830 

57C-^60 

1  4-50-560 

15*60-2300 

2750-3400 

26'j-330 

210-240 

190-220 

150-175 

150-lSC 

490-6X 

500-650 

-l-.U 

-.i-d 

-.2-.4J 

4.S— 6,i 

m 

1 

28CX)  F 

Dried  . 
i27#/ft- 
Fired 
2000  ?  , 
I24rf/ft' 

1 

Mix  with  l4«5-ld.5'i  water  by  w.jiwhtJ 

i 

3.1.52*1 

?lrecl*y  grog 
plus 

Hydraulic  C«Mnt 

Cast 

H^owaXed 

Sxtrudad 

B,t, 
220  F 
■600 
1000 
1500 
2X0 
2250 
22^0 

990-U70 

aoo-w 

685-355 

630-340 

640-350 

750-900 

1720-2440 

310-450 

25<J-310 

200-250 

150-200 

130-175 

250-310 

63C-7X 

-.1— 

-l-3» 

-.1-.3) 

-4-.« 

■ 

4.06 

4.33 

4.68 

5.02 

26X  f 

Orifld 

Fired 
2000  ? 
Illi/ft3 

Ml*  ktUh  17-113  «i.«r  by  a.l-bt. 

1 

1 

JLraclay  grog 
plua 

Hydraulic  Caneiit 

Cast 

Troweled 

JKxtrudsd 

R,T. 
2-jO  r 
600 
1X0 
1500 
2000 
2250 
2400 

1500-2000 

L1QO-135C 

990-1400 

950-1300 

65'0-i060 

aoo-i8x 

1900-2600 

460-600 
35CW500 
275-340 
25C-310 
210-280 
24O— 400 
530-670 

-3-.J5 

-3-.53 
-.4-6) 
—  5—7^ 
-6*.7? 
-.44.9* 

4.17 

4.45 

4.ai 

5.17 

2600  F 

Dried  . 
mr/ft- 
Flred 

2000  ?  , 
U3J'/ft- 

Mix  with  water  weight. 

3.1,50.1 

Fifaelay  grnag 
plus 

Hytlraulic  Cmwmn% 

Cast 

IroiHiIed 

SUdUtided 

LaOO-2220 

985-1220 

LIOO-UOO 

1070-1315 

343-870 

L080-1340 

L750-2470 

_ 1 

500-675 

250-350 

250-345 

225-310 

200-300 

275-380 

690-850 

-1-33 

-1—3) 

-1-3S 

->.4) 

-.3—4) 

-3-5) 

-.1-5* 

4.21 

4.53 

4«92 

5.33 

imu 

2600  r 

Dried 

122#/fV 

Fired 

2000  r  . 

Mix  with  14-16|i  Wiiter  by  weight. 

I 

i 

j 

! 

1 

_ _ 1 

ti  s5'ej 


TABIE  7  (COKT’D 


•«ii  HATERML 

RAMNIO. 

CUII 

4  PWMC 

— 

CDMPBtuivc  staoram 

iMsijLtA  or  iimruftt 

IIZB 

COfPP.  OP 

TMtaiUi. 

rMe>n*L. 

OlHtMSIOMAl. 

MAX. 

COOX 

>LIF  CAST 

tsociauK* 

rxiteo  *t 

TetTCO  *T 

TEITBO  AT 

TOTfO  *T 

CHAMcr 

XXPAMMON 

COPOtCTIviTY 

SPOCK 

STABIMtY- 

flHVICf 

sttMurr 

KPmAJIM 

•WOi» 

ere. 

B9 

M.  T.  PM 

HB*t  Ml 

a.  t,  Pii 

Wf*T  P« 

m 

X 

■ISUT. 

CTCLiNS 

Tfi^, 

Caat 

Trowoled 

Sxtrudod 

1 

3ao 

4070 

3772 

3515 

2764 

4212 

ia6 

969 

934 

1120 

972 

12*7 

-0.24 

-0.2Jt 

-O.iSt 

-0.2^ 

-0»2$ 

-1.0$ 

5.20 

5.10 

5.10 

5.1a 

2400  F 

cried 

rir^ad 

2000  F  . 
124>/£t'’ 

Klx  vita  12.6$  vatar  bj  wai^ht. 

m 

Caat 

rr«3val«d 

Sxtnjdad 

3000-3aCX 

tiiOO— 3250 
2aOCU325C 

uoo-1350 

soo-900 

1000-4500 

980-U6O 

9<XM.20Q 

900-1200 

300-375 

275-350 

700-1000 

-.1—35 

-.l-.3'i 

-1-^ 

-.6-.8S 

4.18 

4.4B 

4.85 

5.19 

2300  F 

S3ried  _ 

Flrad 
2X0  F  , 
lui/cf* 

Mix  ulth  17-20*  miter  by  weight.  j 

■ 

firoolaj  grcf 
pdoa 

Ca.  AlvmiEMita 

Caat 

Trowolod 

Sztrudod 

1 

R,T. 
223  f 
600 
lOOO 

1300 

2(X0 

;so5-5teo 

3250^^040 

2300-2300 

1020-1460 

850-980 

850-1025 

780-940 

500-410 

425-560 

220-300 

- 1 

».3-.53 

-.4“. 6a 
— «4-#6^ 
-,5-.73 
-.5-.6a 

4-50 

4.81 

5.15 

5.52 

2200  F 

Drl-sd 

Fired 
2X0  F 
U2#/fti- 

HLa  vlth  15-16$  water  by  Moigfet 

J.l.JL.l 

'OdJu^vd 

Cast 

Trov«Ie4 

Extxvd^d 

HA, 

220  r 
600 
iCOO 
150C 

2(m 

5335-5740 

3620-3960 

2260^^665 

990-llbO 

620-940 

930-1147 

870-1010 

510-580 

3^384 

200-280 

-.3-.51 

::£:3 

..£-.83 

4.47 

4.77 

5.10 

5.48 

2200  F 

Orii*d 

i.i7#/rt.3 

2000  F  _ 
121^/ftJ 

Mix  with  15-16$  water  by  j 

J.1.5K.1 

Cbksowa 

Cast 

tro%A»lad 

Sxtrudad 

RA, 
220  F 
600 

535-985 

525-860 

490-830 

430-710 

500-*)0 

5QCM10 

790-1330 

190-320 

170-280 

- 1 

-.4^,6a 

2.43 

a.85 

3.JU 

3.« 

2500  F 

Dried 

Fired 

200c 

Hlx  with  40-47%  water  by  wel^t. 

1000 

1500 

2000 

2250 

2400 

:&0-270 

140-230 

155-233 

155-250 

160-270 

— .4— .6) 

-.£>-.83 

-.9-1,4 

+.1-.45 

OakflovB 

Caat 

Trovolad 

Xxtruiod 

B.T. 
220  r 

600 

1000 

1500 

390-490 

310-4D0 

300-395 

295-390 

2DO-250 

160-210 

U5-190 

205-U0 

-.3-.5i 

-.5-75 

—a-it 

-1.4-2; 

'1.46 

1.69 

2.0U 

ISOO  F 

Dried 

4W't^ 

Fired 
15^»  F, 

Ml*  with  46-55%  watiar  0/  we  1^1,  t. 

3.1.5P.I 

Cast 

IrcTwalad 

Sztrtidod 

H.t. 
220  F 
6C0 
1QC» 
1500 

55 

48 

40 

15 

-«.3P 

-0.5» 

— Q.7$5 

-i.u; 

- 1 

0.95 

1.18 

1.42 

1600  ? 

Dried  . 

Z^lw 

?lr»d 
L5M  r, 

'm/w 

KIx  wltlj  1'^%  water  by  walffct.  | 

Ta  tmlar-^Alxsaina 
pltaa 

PhcNi.-sici4  Bosd 

Cast 

R.T. 
60C  F 
lOOC 
1500 
2000 

7474 

_ 

1500-2000 

1500-2000 

1500-2000 

1^X>-2000 

9.1 

Gc>od 

Oood 

J6CO  F 

Dried 

Fired 

\Liitn 

aigb  eroal^n  resistance, 

i 

TA3I£  7  (COKT'D) 


ru»*d  AlvmltM 

pXvm 

Cl..  AlumlsnU 
C«a»at 


lAMiitfe. 
SUI  CAST 

■■re. 


Calt 


CUtt  *  riftlMI  I  STIiNftTM  I  «0D4A.Ui  Of  lU^TUMI 


M3C«ClWf 


tfSTlO  AT  f  TKSTID  AT 


TeSTtP  AT 
I.  T,  fSt 


TEtrCO  AT  CHANCC  I  (XVAKSICM 


Ca^OUCTlVlTT 

K 


miNMAW  OMtIhmOHAU 
SHOCK  ITAIILJTY* 

lesiiT.  crcuwe 


IdtMuca  AIia&!ao 
Slllem^  plus 
unkDowg  blndor 


Eiperir-intiJl  aatorlatl 


3.1.61.1 

plui 

Byririuila  Qimat 

3.1.8B.1 

jLltEBiM 

plua 

H^drouilo  Client 

3.1.90.1 

Magnoslte  Odd* 
plm>  CalciTXs 
AloQlroito 

3.l.aD.i 

Sllleon  Garbido 
plus  uokficwa 
biador 

3.1.91.1 

SUioa-AIudflo 

pl-OM 

Os.  tlvmlostm 

CoMClt 

3.1.9B.1 

iluxalaa-Slliei 

ploa 

C«.  AXuMlaat* 

C4UMIst 

- 

3300  ? 
Hot 

Fao* 

Sfried 

Mix  vitb  13  pints  water  per  lOQ# 
Sets  itt  16-;^  bouTK. 

3300  r 

Hot 

SrlecJ 

Mia  with  11  pints  voter  per  ICO# 
Sets  la  Li»24  boura. 

Exporljoental  anterlal 


Hlsq^ricentaJL  isntoPlal 


Klz  vlth  9  qts.  Viter  par  ICOf. 


Kix  vtth  9i  qto.  voter  per  IOC# 


cL 


TABLE  7  (COLT'D) 


CODC 

tA&r  aATfllAL 

A 

AWDM 

■AiHiro, 

wr  CAtT 

«TC. 

cuae  a  ^kkhc 

PKocec'jar 

coii^«r$ii«c  tTsiHcm 

aCRUCUi  CP  «U»TUM 

t(ze 

CNAHCf 

% 

COITT.  OT 

IITANtlOM 

rN.  /  m/*r 

TKfaSAL 

CMeuCTITiTT 

K 

THCTtML 

Meet 

irmr. 

OlAlMItCWAi 

ITAUWITT- 

CTCLINC  ' 

UA>. 

KWiCt 

rc«p. 

OEMtiirv 

SCthASKt 

TBJT«0  *T 

«.  T. 

resrec  AT 

MCAT  rSI 

TBS'tU  *T 

*.  T.  P$| 

TIITCD  AT 

WAT  asi 

J.l.lQi-l 

IJaknDwa 

Csst 

40 

8 

a.7. 
220  r 
1000 
liioo 
2000 
2500 
3&:io 

3600 

3300 

2500 

2400 

3600 

4400 

0 

-0.165 

-0.175* 

-0.155* 

-0.13* 

-0.3* 

i.zsiKr* 

16 

Good 

3000  P 

Uriflid 

Ib2i/W 

‘Isrcd 

SpscLal  Rising  Inatnoctlons. 

C«lcinei:l  elftlf 
pllU) 

Hydr*Tiile 

Cast 

24 

H.l. 
220  f 

looo 

1500 

2000 

:i00-i300 

IDOO-UOO 

lOOO-IlCO 

850-950 

0  ■ 

-o.u* 

-G.li* 

-0.44* 

2.94xicr* 

Good 

Good 

2C0G  F 

Drlftd 

118-  , 
12W/£V 

Mix  with  74  ^ta.  water  per  ICX)!?, 

Beat  at  ICO  P  par  hoiir. 

j.i.iasa 

SUica-ilEalBA. 

plus 

B^drsulio  OmsmcX 

Oast 

24 

R.T. 

220  r 

550 

iOOO 

1500 

2000 

2300 

a50-1250 

950-1050 

900-1000 

90O-1CS0 

LOOO-llQO 

0 

-O.IIS 

^•11* 

-0.35* 

-0.50 

3.94x10-* 

4.20 

4.85 

5.42 

6,00 

Good 

3000  r 

Brl«l  , 

llii/ttr 

tlTtd 
113—  . 

-mtitv 

Mix  with  9  qts.  water  per  10<^. 

Heat  at  100  F  per  hour. 

3,1.120.1 

AI-iRltia  plus 
Phc«f^orio  iald 

24 

24 

4 

4 

R.T. 

220 

750 

IGGO 

1500 

2000 

2500 

4750 

4750 

4750 

2750 

2250 

0.0 

0.0 

'fc-o.xo 

-►0.10 

+0.50 

4.2  X 

10-6 

Fiiixl/ 

3500 

I30.f/i1 

3.1.12B.1 

Hiaxliui.  plus 
Pho^pboric  Icid 
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TABLE  7  (GONT'D) 


cy»f  4  .  csMi^xE&Mve  itjiqmctm  I  Mosytus  or  nurruRv 
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EXHIBIT  2 

mTEB.  A®  QC'ESTIONmiPi;  FOB  lOf.  ^^TAIXIC  TOOLTK  SURVEI 
I^OCKHEED  AIRCRAFT  CORPORATION 


OCOftOtA  PiViSION 


mahietta.  ocoaoia 


June  ,  1958 


Gentlemen : 

We  are  undertaking  a  2  year  project  to  develop  ceramic  or  refractory 
tooling  suitable  for  forming  high  strength  steel  and  titanium  sheet 
metal  parts .  These  forming  tools  are  to  operate  at  temperatures 
between  600°F  and  2000°F. 

Our  first  approach  to  this  development  problem  Is  to  evaluate  existing 
formulations  and  then.  If  necessary,  have  special  formulations  made. 
It  is  our  desire  to  eventually  be  in  a  position  to  purchase  ready 
mixed  ceramic  or  refractory  materials  which  will  require  no  more  than 
water  or  liquid  binder  additions.  These  materials  must  be  readily 
castable  by  pouring,  tamping,  or  clip  casting. 

The  properties  desired  are: 

1.  Low  drying  size  change. 

2.  Low  firing  size  change. 

3.  Sufficient  strength  to  permit  handling  before  and  after 
firing.  (This  will  require  an  estimated  modulus  of 
rupture  of  200  psl,  minimum). 

U.  nigh  compressive  strength  up  to  an  operating  temperature 
of  2000°F. 

5.  Smooth  as-cast  surfaces  for  minimum  friction  coefficient 
or  the  possible  use  of  a  glaze  material, 

6.  Be  dimensionally  stable  at  operating  temperatures  (2000°P 
maximum) , 

7-  Have  high  resistance  to  repeated  thermal  shock. 


EXHIBIT  2 
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June  ,  195Q 
Pege  2 


If  you  have  or  have  knowledge  of  a  material  or  materials  which  you 
believe  might  fill  the  above  rsqulrementa;  or  If  you  have  any  recom¬ 
mendations,  suggestions,  or  comments  concerning  materials  for  this 
project,  please  inform  us  accordingly. 


Very  truly  yours, 

LOCKHEED  AIRCRAFT  CORPC«ATION 
GEORGIA  DIVISION 


^  .  ■■  X  '  '7-^^  T-.iSLJ-~A  • 

R.  B.  Cant  ley  -.JV 

Manufacturing  Research  Englheer 
Department  28-05 


RBCsac 
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EXljuBrr  2  A 


L,ockheed  Aircraft  Corporation 


QCOnaiA  DIVISION 


Qtwijtm 


NANritTTA.  ceonOfA 


Non-Metallic  Tooling  Survey 
Under  Contract  #  AF  33(600)36888 


I.  A.  With  what  high  strength  alloys  are  you  currently  working,  such  as 

but  not  limited  to  stainless  steels,  titanium,  and  hot  work  steelsi 


B.  Wlmt  high  strength  niaterlals  are  you  considering  in  the  future  (up 
to  3  years  _ 


C.  Do  you  hot  form  these  naterials?  At  what  temperatures? 

_ _  What  heating  techniques  are  you  using? _ 


Advantages  of  the  hot  forming  technique: 


Disadvantages ; 


D.  Are  you  considering  other  heating  techniques?^ _  If  so,  what? 


EXHIBIT  2  A 
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I.  E.  Do  you  have  handling  problems  vlth  present  heating  techniiuesf 
Please  discuss:  _ _ 


II.  A.  Are  you  presently  using  or  investigating  the  use  of  non-met»illc 
tooling  such  ns  but  not  restricted  to  hydro  blocks,  draw  dies, 
stretch  form  blocks,  etc.?  Please  discuss; 


B.  VOiat  type  of  fabrication  is  used  to  produce  your  non-metalllc  tools? 


Are  they  repairable? _ How? 


C.  Are  these  tools  solid  or  are  they  caps  over  a  rough  core? 


D,  From  what  material  (s)  are  these  tools  made? 


E.  How  do  they  compare  costwlse  with  similar  tools  made  from  conven- - 
t tonal  materials? 
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EXHIBIT  2 A 


II.  F,  What  is  the  maximum  allowable  working  temperature  for  these  tools! 


G.  What  Is  the  expected  life  of  your  non-metalllc  tools? 


III.  A.  Do  you  use  heat  treating  fixtures? 

are  you  heat  treating?  _ _ 

range? _ 

made? 


If  so,  what  alloy  (s) 
In  what  temperature 


From  what  materials  are  the  fixtures 


B.  Do  you  use  drawing  (tempering),  stress  relieving,  or  brazing  fix¬ 
tures? _ _ i^hat  is  the  operating 

From  what  materials  are 


temperature  range?^ 
they  made? _ 


C.  What  problems  have  you  had  with  these  fixtures,  in  fabrication  or 
In  use? 


PHASE  II 

MATERIAL  DEVELOPMENT 
January  thru  June  1959 
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IMBODUCTIOK 


Material  development  was  conducted  by  a  three  part  effort.  First,  It  was 
considered  important  to  decide  on  specific  ceramic  systems  for  study  by 
research  institutions  for  use  as  castable  refractories  so  that  such  effort 
could  get  underway.  Second,  it  was  felt  that  before  conmenclng  an  evaluation 
of  commercial  products,  a  study  should  be  made  of  mixing  and  placement  tech¬ 
niques  -  especially  vibration.  The  +hlrd  part  was  the  extensive  evaluation 
of  commercially  available  castable  refractory  materials. 


PART  I  -  DEVELOPMENT  OF  NEW  FORMULATIONS 


References  4  throu^  22  are  technical  papers  of  interest  which  were  studied 
for  guidance  in  the  choosing  of  non-commercial  ceramic  systems  for  research 
and  development . 

Particular  consideration  was  given  the  development  of  new  formulations 
using  phosphoric  acid  bonding  and  low  expansion  grog  or  aggregate  mterlals. 

It  was  thou^t  that  if  castables  of  this  type  could  be  developed,  they  would 
have  good  strength,  thermal  shock  resistance,  and  have  firing  ten5)eratures 
below  600  P,  However,  pitting  or  contamination  of  the  part  was  recognized  as 
a  potential  problem.  Some  of  the  low  expansion  grog  materials  considered  include 

Fused  Silica,  Si02 
Cordierite,  2MgO,2Al203. 53102 
Spodumene,  LiO2.Al2O3.SlO2  (Petalite) 

Pyrophyllite,  Al2034Si02.l/2H20 
Zircon,  Zr02.S102 

Alumina,  AI2O3,  and  others  were  also  considered,  but  it  was  believed  that 
better  thermal  shock  resistance  would  result  by  using  one  or  nxire  of  the  above. 
Since  calcium  alurainate  cements  are  continuously  being  improved,  they  were  also 
considered  along  with  phosphoi’ic  acid  type  formulations.  It  was  thought  that 
calcium  aluminate,  colloidal  silica,  and  other  types  of  bonding  might  prove  far 
superior  to  the  phosphate  bond  for  some  types  of  tools.  For  brazing  fixtures, 
for  exangsle,  it  was  speculated  that  possible  acid  action  with  resulting  pitting 
and  contamination  might  preclude  its  use. 
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As  Indicated  in  Exhibit  "D"  of  Reference  2,  the  Georgia  Tech  Research 
Institute  was  engaged  to  investigate  fused  silica  base  formulations.  The 
target  properties  of  Exhibit  3  were  applicable  to  this  work. 

The  Sabteile  Memorial  Institute  was  engaged  to  investigate  castable 
refractories  based  on  using  petalite  as  the  aggregate.  The  target  properties 
of  Exhibit  3  were  also  applicable  to  this  contract. 

The  Georgia  Tech  Research  Institute  report  is  given  in  Exhibit  4,  Pages  198 
thru  215.  The  fused  silica  aggregate  forirulatlons  developed  are  competitive 
with  the  best  of  the  coaanercially  available  castable  refractories  on  a  thermal 
shock  resistance  basis,  but  are  low  In  strength.  The  Georgia  Tech  specimen 
test  data  are  in  Table  15,  Page  120,  as  Code  Numbers  122a  and  122B. 

The  Battelle  Memorial  Institute  report  appears  as  Exhibit  5,  Pages  2l6  thru 
223.  The  petalite  base  formulations  have  good  thermal  shock  resistance,  but  like 
the  Georgia  Tech  formulations  are  low  in  strength.  A  cursory  investigation  of 
cordierite  base  formulations  indicate  that  such  a  system  may  have  good  thermal 
shock  and  strength  properties.  The  data  for  the  best  Battelle  petalite  formu¬ 
lation  are  given  in  Table  I5  as  Code  Number  BlA. 


PART  II  -  INVESTIGATION  OF  MDtING 


INTRODUCTION 


The  importance  of  vibration  in  casting  to  Increase  density  and  ingsrove 
strength  and  surface  finish  had  been  brought  to  the  Contractor's  attention  on 
numerous  occasions  during  Phase  1. 

Conseq,uently,  sixteen  organizations  were  asked  for  Information,  Including 
test  data,  concerning  the  effect  of  vibration  on  castable  refractories.  These 
organizations  are  listed  in  Table  8.  The  results  indicated  that  little  infor¬ 
mation  is  availablei  most  replies  referred  to  data  published  by  the  Portland 
Cement  Association  involving  their  work  on  vibrating  concrete.  None  of  the 
manufacturers  produce  equipment  specifically  designed  for  vibrating  refractory 
castables.  Manufacturers'  literature  described  a  variety  of  vibratory  equip¬ 
ment  for  use  on  concrete  and  covered  a  wide  range  of  frequencies. 

The  only  available  test  data  (23)  on  concrete  indicated  that  the  frequency 
range  from  30CX)  to  7000  vpm  had  been  investigated  and  that  time  for  congiaction 
decreased  sharply  with  increasing  frequencies.  It  was  then  decided  to  investi¬ 
gate  the  range  between  36OO  and  28,000  vpm  la  order  to  determine  wliat  effect 
the  higher  frequencies  might  have  on  placement  of  castable  refractories. 

The  Contractor  chose  a  refractory  which  was  believed  to  be  typical  of  the 
castables  and  readily  available  locally.  This  castable  is  composed  of  high 
alumina  aggregate  with  a  calcium  alumlnate  binder,  A  screen  analysis  is  shown 
in  Table  9,  Page  IO8  (Sanrile  l).  The  manufacturer  indicates  that  the  material 
has  a  density  of  135  pounds  per  cubic  foot  dried  and  recommends  using  10  to 
l^t  percent  water  by  weight.  A  value  for  modulus  of  rupture  was  not  available, 
(Reference  Code  #3.1.1P.l). 
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Several  batches  of  material  vere  taixed  In  order  to  determine  the  optimum 
quantity  of  water  necessary  to  produce  a  mixture  that  would  be  stiff  enough  to 
prove  the  effect  of  vibration.  Ten  percent  water  by  weight  produced  a  satis¬ 
factory  mix. 


FROCEDURE 


External  Vibration 


Contractor  had  ordered  a  Type  DD  TwlnSb-i;  Blender,  manufactured  by  the 
Patter son-Kelley  Consjany  of  East  Stroudsburg,  Pennsylvania,  (with  Incite  tub) 
for  dry  mixing,  and  a  Model  (Laboratory  cxidel)  Mlx-Muller,  manufactured 

by  the  Posey  Iron  Works,  Inc.,  of  Lancaster,  Pennsylvania,  for  wet  mixing. 
However,  due  to  delays.  It  was  necessary  to  begin  the  investigation  without 
these  pieces  of  equipment.  Consequently,  dry  mixing  was  accomplished  in  an 
octagonal  barrel  nade  for  this  purpose.  The  mixer  is  shown  in  Figure  2, 

Page  143.  One  hundred  pounds  of  the  material  were  dry  mixed  for  5  minutes  to 
counteract  any  particle  separation  that  might  have  occurred  during  shlpnent. 

It  was  found  that  27.5  pounds  of  dry  material  were  required  to  make  three 
test  specimens  2  l/2  x  4  l/2  x  9  inches.  The  material  was  accurately  weighed 
and  placed  In  the  wet  mixer  tub  shown  in  Figure  3,  in  lieu  of  the  mix-muller. 

The  amount  of  water  used  was  2.75  pounds.  The  water  was  accurately  weighed 
before  adding  to  the  dry  material.  Figure  4  shows  the  mixer  tub  on  the  powered 
rollers  used,  for  mixing.  It  was  mixed  for  5  minutes,  then  enou^  material  was 
renoved  to  cast  one  specimen  and  the  remainder  replaced  on  the  rollers  and  mix¬ 
ing  continued  while  that  specimen  was  cast.  This  procedure  was  repeated  for 
the  remaining  two  specimens.  In  Table  10,  the  time  interval  between  the  end 
of  the  initial  wet  mixing  and  the  beginning  of  placement  for  that  specimen  is 
shown.  Since  the  castable  manufacturer  specified  a  30  minute  maximum  placement 
time,  it  was  felt  that  this  information  was  of  importance.  Further,  Christie 
and  Fentzke^®’  reported  a  decrease  of  nearly  150  psl  in  modulus  of  rupture  for 
a  typical  refractory  castable  which  was  placed  10  minutes  after  mixing  was  com¬ 
pleted.  The  ctirve  then  tends  to  level  out  with  nodulus  of  rupttire  continuing 
to  decrease  slightly  with  time. 

It  had  previously  been  decided  to  check  the  frequency  range  using  four 
different  settings  of  interference  on  the  vibrator  (see  Discussion  of  Equipment, 
Page  89).  Since  the  carbide  pieces  oa  the  shaft  act  as  cams  to  move  the  top 
plate  of  the  vibrator,  a  dial  indicator  mounted  on  a  height  gage  was  used  to  set 
the  aLTOunt  of  interference  and  therefore  the  amplitude.  For  the  first  series  of 
tests,  0.0005  inch  angplltude  was  used. 

Attached  to  the  top  plate  of  the  vibrator  was  a  fixture  with  four  toggle 
clauips  for  holding  the  mold  during  \’lbration.  With  the  mold  in  place,  approxi¬ 
mately  9  pounds  of  material  were  removed  from  the  mixer.  The  vibrator  (and  time) 
was  started  when  the  material  was  approximately  1/2  inch  deep.  Then  additional 
material  was  added  until  the  was  filled.  After  3  minutes,  the  vibrator  was 

stopped,  the  mold  removed,  and  the  procedure  repeated  until  three  specimen?  had 
been  made  for  a  given  set  of  conditions.  Figure  5  shows  a  specimen  being 
vibrated j  note  the  air  bubbles  which  have  risen  to  the  surface. 
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The  molds  were  then  stored  and  covered  with  damp  burlap  to  retard  rapid  dry¬ 
ing  of  the  top  surface  of  the  specimens.  The  specimens  were  removed  from  the 
molds  after  a  minimum  of  48  hours  and  were  then  allowed  to  continue  curing  for 
an  additional  48  hours,  minimum. 

The  specimens  were  then  noved  to  an  oven  and  dried  at  220  F  for  24  hours  and 
at  550  F  for  an  additional  24  hours.  This  higjier  drying  temperature  was  used 
because  Christie  and  Fent2ke(6)  reported  an  extremely  sharp  decrease  in  density 
in  the  firing  range  up  to  550  F  and  a  tendency  to  level  off  beyond  this  point. 

To  determine  specific  gravity,  the  specimens  were  weighed  in  air  and  sub¬ 
merged  in  water.  A  polyethylene  bag  was  used  to  encase  the  specimen  protecting 
it  from  the  water.  The  setup  for  both  weighings  is  shown  in  Figures  6  and  7« 
Specific  gravity  may  be  expressed  as: 


Wa  -  Ww 

Where:  S=  Specific  gravity 
Wa"  Weight  in  air 
Wws  Weight  when  immersed  in  water 

The  density  of  the  specimen  was  obtained  by  multiplying  its  specific  gravity 
by  the  density  of  water  in  pounds  per  cubic  foot. 

The  specimens  were  then  broken  by  the  apparatus  shown  in  Figure  8.  This 
apparatus  is  driven  by  a  motor  and  geared  so  that  the  upper  bearing  edge  center  ^ 
has  a  movement  of  O.O5O  Inch  per  minute  which  is  the  recommended  rate  of  loadlng'^^' 
for  mechanical  testing  machines.  The  distance  between  the  lover  bearing  edges 
is  7  laches.  The  eq.uipment  Is  so  designed  tlmt  the  actual  load(W)  is  twice  the 
indicated  valueC^), 


Modulus  of  rupture  is  determined  from  the  equation: 


R*  3  W1  tut  Wb  2F 

“2^52“ 


Where : 


R«  Modulus  of  rupture,  psi 
W*  Load  at  which  specimen  failed,  pounds 
1"  Distance  between  lower  bearing  edges,  inches 
Width  of  specimen,  inches 
da  Depth  of  specimen.  Inches 
F=  Indicated  load  on  testing  apparatus,  pounds 


Therefore  the  equipment  used,  R=  0.75  F. 


Internal  Vibration 

Internal  vibration  may  be  necessary  when  large  shapes  are  cast.  To  compare 
the  results  obtained  by  both  methods,  a  series  of  bricks  was  made  using  internal 
vibration. 
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A  small  size  vibrating  head  was  designed  and  built  to  congsact  materials  in 
the  same  molds  used  with  external  vibration.  This  head  was  made  to  duplicate  the 
range  of  freq.uencles  used  and  with  asxplitudes  small  enough  to  prevent  throwing 
material  out  of  the  mold.  The  vibrator  was  driven  by  an  air  motor  which  had  a 
throttle  for  speed  control  and  provision  for  tachometer  attachnent  for  checking 
freq^uency  {see  Figxire  9)*  The  entire  head  of  this  small  tool  could  be  Immersed 
in  the  mix  thereby  transferring  all  of  the  vibratory  motion  to  the  material,  as 
shown  in  Pig\ire  10. 

Contractor  purchased  a  laboratury-size  internal  vibrator  with  a  7/8  inch 
diameter  head  which  is  the  smallest  available  commercially.  Total  immersion 
of  this  tool  In  tha  specimen  molds  was  impossible,  however,  due  to  its  size. 

A  series  of  bricks  was  cast  using  the  latter  vibrator  in  frequencies  dupli¬ 
cating  those  of  the  first  five  series  made  with  external  vibration.  The  vibrator, 
driven  by  an  ei.ectrlc  motor  and  flexible  shaft,  was  powered  by  the  variable  DC 
supply  used  to  drive  the  external  vibrator.  Top  speed  of  the  motor  limited  the 
maxlnaam  frequency  to  15,000  vpm.  Even  at  ttiis  speed, however ,  coarse  particles  of 
grog  and  globules  of  water  and  fines  were  thrown  out  of  the  mold.  Total 
immersion  would  have  prevented  this  action  which  was  caused  by  the  excessive 
amplitude  at  the  point  where  the  vibrator  head  entered  the  mix. 


Discussion  OF  mUIPHEHT 


External  Vibrator 


The  Contractor  has  a  mechanical  vibrator  available  which  had  been  designed 
and  built  for  another  Investi^tlon,  It  consists  of  a  shaft  with  eight  equally 
spaced  slots  around  Its  periphery.  These  slots  are  located  at  each  end  and 
cylindrical  pieces  of  carbide,  which  project  above  the  surface  of  the  shaft 
approximately  1/8  inch,  are  brazed  into  them  (see  Figure  U).  As  the  shaft 
rotates,  these  carbide  pieces  strike  carbide  blocks  attached  to  the  undersurface 
of  the  vibrating  plate  upon  which  the  mold  is  placed.  Attached  to  each  corner 
of  the  vibrating  plate  are  close  tolerance  guide  posts  which  restrict  movement 
to  vertical  motion  only.  Also,  around  these  posts  are  springs  which  return  the 
vibrating  plate  to  its  original  position  after  a  lobe  has  passed  in  preparation 
for  being  struck  by  the  following  lobe.  The  vibrator  Is  so  designed  that  the 
interference  between  the  rotating  and  fixed  pieces  of  carbide  is  adjustable, 
thereby  ald.owlng  the  an^slltude  to  be  changed  and,  by  driving  It  with  a  variable 
speed  motor,  the  frequency  can  also  be  changed. 

Work  previously  reportedC25)  indicates  that  impact  vibration  for  this  type 
of  work  is  superior  to  slrrusoidal  vibration. 

With  the  type  and  action  of  the  vibration  equipment  used  for  this  study,  it 
is  within  the  realm  of  possibility  that  the  terms  frequency  and  amplitude,  as  used 
in  this  report,  are  slightly  in  error.  The  amount  of  interference  between  the 
rotating  and  fixed  pieces  does  not  mean  that  this  was  the  actual  travel  of  the 
vibrating  plate  since  the  plate,  fixture,  and  mold  all  possessed  momentum  and  this 
momentum  was  restrained  only  by  spring  tension.  If  this  force  was  of  sufficient 
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magnitude  and  the  period  of  the  spring  too  slow  for  the  frequency  range  under  in¬ 
vestigation,  it  would  he  possible  for  a  lobe  to  pass  before  the  vibrating  plate 
and  its  load  returned  to  its  proper  position  to  be  struck  again.  An  attempt  to 
check  this  was  made  by  attaching  a  ben:  magnet  to  the  vibrating  plate  and  suspend¬ 
ing  a  coil  around  it.  The  signal  generated  by  this  transducer  was  fed  to  the 
vertical  plates  of  a  cathode  ray  oscilloscope  and  a  signal  from  an  audio  oscilla¬ 
tor  was  fed  to  the  horizontal  plates.  When  the  frequencies  are  the  same,  an  ellip¬ 
tical  pattern  is  shown  on  the  oscilloscope.  However,  this  apparatus  was 
not  successful  due  to  excessive  aiaounts  of  harmonics  appearing  on  the  scope.  An 
attempt  to  procure  more  elaborate  instrumentation  was  not  made.  It  is  reasonable 
to  assume  that  the  tj^pe  of  vibration  produced  by  this  means  was  impact,  which  is 
believed  necessary  to  obtain  the  best  compaction  and;  therefore,  density  for 
castable  refractories.  Figure  12  shows  the  vibrator  with  the  mold  locked  into 
the  holding  fixture  ready  for  easting. 

The  vibrator  is  driven  by  a  1  l/2  hp  variable  speed  DC  motor  with  power 
supplied  by  an  electronic  power  supply.  The  console,  motor,  and  vibrator  are 
shown  in  Figure  13.  The  concole  power  supply  is  a  Reliance  V-S  Drive,  Model 
^^O^-hOSkl-kk ,  Reliance  Electric  &  Engineering  Company,  Cleveland,  Ohio. 

Internal  Vibrator,  Air 

The  vibrator  designed  and  fabricated  by  the  Contractor  uses  a  rolling, 
rotating  pendulum  which  is  cylindrical  in  shape  and  supported  at  one  end  by  a 
universal  joint.  This  pendulum  is  free  to  move  at  the  other  end  inside  a  tube, 
which  is  the  outside  case  of  the  tool  (see  Figure  II+),  The  ratio  of  the  circum¬ 
ferences  of  the  outside  of  the  pendulum  and  the  inside  of  the  case  is  such  that 
the  pendulum,  when  operated,  rolls  around  the  inside  of  the  caBe  four  times  for 
each  revolution. 

Motive  power  Is  furnished  by  an  air  i»tor,  the  speed  of  which  Is  indicated 
by  a  tachometer  and  controlled  by  a  valve  used  as  a  throttle.  Figure  9  shows 
the  tool  ready  for  use.  As  can  be  seen  by  the  size  of  the  brick  mold,  total 
immersion  of  the  case  or  head  can  he  accoiig)lished  by  placing  it  lengthwise  in 
the  mold  (see  Figure  10). 

In  order  to  prevent  pure  sinusoidal  Motion  from  being  generated  by  the  tool, 
a  stop  is  cut  in  the  end  of  the  pendulum  in  such  a  manner  as  to  remove  one-half 
the  cross  section  of  the  pendulum  for  a  distance  os  SA  inch  from  its  end.  Impact 
is  introduced  by  the  action  of  the  pendulum  rolling  up  on  the  end  of  the  step  and 
dropping  to  strike  the  inside  of  the  case.  This  action  occurs  for  each  rotation 
of  the  pendulum  (see  Figure  !*<■). 

Internal  Vibrator,  Electric 

The  vibrator  purchased  Is  a  special  size  laboratory  n»dei  manufactured  by 
Vibro-Plus  Products,  Inc.,  Stanhope,  New  Jersey,  (Type  ES?-25).  The  head  is 
approximately  7/8  inch  in  diameter  and  11  inches  long  (see  Figure  15 ).  This 
vibrator  is  the  smallest  available ,  but  is  not  small  enough  for  total  immersion 
in  the  brick  mold  used. 


Page  91 


Motive  power  is  provided  by  a  universal  wound  (AG/DC)  electric  motor  and 
applied  by  neans  of  a  flexible  slsaft.  The  head  contains  sji  eccentric  weight; 
therefore,  essentially  sinusoidal  vibration  results.  The  speed  ms  varied  by 
using  the  electronic  power  supply  which  was  used  with  the  external  vibrator. 

The  maxiEuiti  output  of  the  tool  was  approximately  15,000  vpm  when  using  the 
electronic  power  supply  which  w^as  more  tlmn  the  rated  11,000  to  12,000  vpm  when 
operated  on  110  volts  AC, 

Vacuum  Mixer 


It  was  believed  that  vibratory  energy  would,  to  a  large  degree,  remove 
entrapped  air  from  the  mix,  thereby  Increasing  density.  If  all  the  entrapped 
air  could  be  removed  and  particles  aligned  so  that  no  voids  would  exist,  maximum 
density  could  be  achieved.  Since  vacuum  mixing  should  remove  all  entrapped  air 
it  was  felt  that  some  preliminary  work  in  this  area  was  warranted. 

The  Contractor  has  available  in  his  laboratory  a  rotary  mixer  which  has  a 
capacity  large  enough  to  ndx  material  for  one  specimen.  A  vacuum  chamber  was 
designed  and  built  that  would  completely  enclose  the  mixer.  Figure  I6  shows  the 
chamber  open.  The  electrical  conductor  for  the  mixer  motor  is  sealed  by  a 
special  fitting  on  the  underside  of  the  chamber  base.  The  sealed  chamber  ready 
for  mixing  is  shown  in  Figure  17  • 

Vacuum  Vibrating  Chamber 

To  pursue  this  idea  further,  it  was  decided  to  Investigate  the  effect  of  a 
vacuum  on  removing  entrapped  air  while  the  specimen  was  being  vibrated.  To  do 
this  a  chamber  was  made  that  would  mount  on  the  external  vibrator  and  house  a 
specimen  mold  (see  Figure  I8). 


DISCUSSION  OF  RESULTS 


External  Vibration 


Ten  percent  water  by  weight  appeared  to  be  satisfactory  for  this  study  since 
it  produced  a  very  stiff  mixture.  The  effect  of  vibration  on  this  mixture  was 
obvious  from  the  beginning  of  the  study.  As  soon  as  vibration  was  started  the 
mixture  immediately  began  to  flow  to  all  areas  of  the  mold  and  as  more  material 
was  added  it  appeared  to  fuse  into  the  mixture. 

Figures  I9  thru  22  are  graphs  of  density  vs.  freq^uency  and  nxjdulus  of  rupture 
for  the  four  settings  of  amplitude.  In  every  case  the  actual  values  obtained 
from  each  specimen  are  shown.  However,  the  curves  are  the  arithmetical  mean  of 
the  three  specimens.  There  are  instances  where  obvious  erroneous  points  were 
not  used  to  obtain  the  mean  value.  Figure  19  shows  that  36fX)  and  7200  vpm  at 
0.0005  inch  amplitude,  although  helpful  in  i»ving  the  material,  does  not  produce 
the  most  dense  casting.  Density  reaches  a  peak  at  10,000  vpm  and  O.OOC^  inch 
amplitude.  However,  a  second  peak  appears  at  l8,00u  vpm  but  severe  separation 
took  place  during  the  three  minutes  of  vibration  which  drastically  reduced  the 
strength  (modulus  of  rupture).  This  study  indicates  that  an  optimum  frequency, 
aiigjlltude  and  vibration  time  exist  which  will  produce  not  only  the  most  dense 
casting  but  also  the  strongest. 
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It  should  also  he  noted  that  all  amplitudes  above  0,0005  inch  resulted  in 
lower  densities  and  strengths.  Coigjoslte  curves  for  this  are  shown  in  Figures 
23  and  24. 

Figures  25  and  26  are  the  bottora  and  edge  views  of  Specisen  Code  IF.I-I8  which 
is  the  most  dense  (refer  to  Table  10).  The  surfaces  are  comparatively  smooth,  but 
some  pitting  exists  showing  that  all  of  the  entrapped  air  had  not  been  removed 
by  the  influence  of  vibration.  Note  in  the  edge  view,  the  narrow  line  along  the 
top  surface  shoving  that  some  slight  amount  of  separation  took  place. 

The  least  dense  specimen,  IF. 1-10,  is  shown  in  Figures  27  and  28.  Large 
voids  are  prevalent  showing  that  entrapped  air  was  not  removed  from  the  material. 
The  edge  view  shows  the  roughness  of  the  surface. 

Figures  29  and  30  show  a  comparison  of  Specimens  IF.I-I8  and  IF .1-27.  These 
specimens  are  the  most  dense  produced  at  10,000  vpm  and  l8,000  vpm  respectively 
at  an  a^litude  of  O.OOO5  inches.  The  bottom  surfaces  appear  to  have  approxi¬ 
mately  the  same  amount  of  pitting.  However,  -27  shows  coarse  aggregate  over 
the  entire  bottom  surface  whereas  In  -I8  it  appears  only  around  the  edges  of  the 
specimen.  Further,  the  edge  views  show  that  -27  has  a  much  deeper  layer  of 
separation  due  to  the  higher  frequency. 

Figure  31  shows  the  top  surface  of  Specimen  lF.1-40.  It  was  vibrated  at 
7200  vpm  and  0,0010  inch  amplitude.  This  is  the  severest  exan5)le  of  surface 
crazing.  Fine  particles  were  still  evident  even  after  losing  approximately 
1/8  inch  depth  of  the  surface. 

Figure  32  shows  the  effect  of  the  parting  agent  on  surface  smoothness.  The 
specimen  molds  are  made  of  aluminum  (see  Figure  33).  Although  two  sides  of  the 
mold  are  removable,  a  parting  agent  is  necessary  to  not  only  aid  in  the  release 
of  the  specimen  from  the  mold,  hut  to  keep  the  castable  material  from  attacking 
the  aluminum  and  to  keep  the  mold  cleaning  effort  to  a  minimum.  In  all  cases, 
with  the  exception  of  Specimens  lF,l-76  thru  IF. 1-91,  Dow  Corning  #DC7  Silicone 
Parting  Agent  was  used.  For  -76  thru  -91,  the  molds  were  cleaned  and  sprayed 
with  "Form-Lac"  produced  by  Maxwell  &  Hitchcock,  Inc.,  19I  Simpson  Street,  N.W., 
Atlanta,  Georgia.  Specimens  -91  and  -92  were  made  under  the  same  conditions 
(3600  vpm  and  0.0020  inch  an^ilitude ) .  "Form-Lac"  was  used  on  the  mold  for  Speci¬ 
men  -91,  which  resulted  in  an  almost  perfectly  smooth  bottora  surface.  On 
Specimen  -92  the  mold  was  coated  with  Dow  Corning  #DC7  and  showed  some  pitting. 

However,  it  should  be  noted  that  the  specimens  tended  to  stick  to  the  "Form- 
Lac"  and  cleaning  the  molds  after  use  was  much  more  difficult  than  with  the  #DC7. 

The  Effect  of  the  Amount  of  Mixing  Water  used  on  Modulus  of  Rupture 

Although  the  choice  of  10  percent  water  by  weight  appeared  to  be  satis¬ 
factory  for  the  vibration  study,  the  strength  of  castable  refractories  is 
dependent  upon  the  amount  of  mixing  water  used.  However,  the  quantity  of 
mixing  water  that  is  used  must  also  depend  on  the  placing  technique.  Water 
is  required  to  hydrate  the  binder  material  and,  perhaps  equally  in^xjrtant,  to 
provide  the  means  which  enables  the  material  to  be  easily  and  thoroughly 
placed . 
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To  further  enrphasize  this  fact,  Specimens  IP. 1-170  and  1F.1-X79  vere  made 
using  10  percent  water  and  hand  tamped  in  the  molds.  Placement  was  not  only 
difficult  hut  resulted  in  specimens  that  contained  voids  between  the  coarse 
aggregate  which  were  not  filled  with  fines  as  in  the  case  of  specimens  that 
were  vibrated  (see  Figures  3^  thru  36).  These  two  specimens  can  be  conaiared 
with  IF. 1-18,  Figure  25,  for  example,  because  the  same  material  and  percent 
water  are  used. 

The  results  obtained  were: 

Specimen  Number  Density  Modulus  of  Rupture 

IF.  1-178  117.44  150 

IF. 1-179  120.24  243 

There  had  been  occasions  during  the  study  to  determine  the  optimum 
frequency  and  amplitude^  when  10  percent  water  by  weight  appeared  to 
produce  a  mixture  that  was  wetter  than  necessary  for  the  vibration  placement 
technique.  As  a  consequence  of  this  observation,  it  was  decided  to  check 
the  effect  on  modulus  of  rupture  by  using  9  percent  water  by  weight  with 
external  vibration. 

Table  11  is  the  result  of  this  study.  Six  specimens  were  made.  Three 
using  10  percent  water  and  three  with  9  percent  water.  All  of  the  specimens 
were  vibrated  at  10,000  vpm  frequency  and  0,0005  inch  amplitude.  It  Is 
Important  to  note  here  that  the  material  for  these  specimens  came  from  the 
same  manufacturer's  batch  that  was  used  in  the  original  study  on  frequency 
vs,  density  (Specimens  -10  thru  -117).  See  Page  96  for  a  discussion  of 
variations  in  the  material.  As  Indicated,  the  speclmns  mixed  with  10 
percent  water  have  the  higher  modulus  of  rupture. 

The  Effect  of  Vibration  Ting  on  Modulus  of  Rupture 

Before  beginning  the  basic  study,  three  minutes  vibration  time  had 
arbitrarily  been  chosen.  Only  after  the  investigation  was  under  way,  did 
it  become  evident  that  this  length  of  time  was  too  long,  particularly  at 
highest  frequencies  and  aiaplitudes,  and  resulted  in  severe  separation.  By 
the  time  this  was  discovered,  it  was  decided  that  it  would  be  more  expedient 
to  continue  the  study  using  the  three  minutes  vibration  time  and  determine 
the  optimum  time  later. 

Specimens  were  made  using  vibration  times  of  1,  2,  and  3  minutes 
respectively  at  10,000  vpm  frequency  and  0,0005  inch  amplitude  in  order  to 
determine  the  optimum  time  to  produce  maximum  density  and  strength. 

Table  12  is  the  result  of  this  study  and  indicates  that  the  optimum 
vibration  time  is  1  minute.  The  curves  of  density  and  modulus  of  rupture 
are  shown  in  Figure  37  • 
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Internal  Vllration 


Internal  vibrators  will  be  necessary  on  large  castings  where  external  vibra¬ 
tors  would  be  impractical.  However,  the  design  of  presently  available  internal 
vibrators  does  not  lend  itself  to  precise  control.  The  only  method  of  changing 
mplitude  is  to  change  the  speed  and  thereby  the  freq,uency  of  the  vibrator.  As 
a  conseq,uence  of  this,  there  is  no  basis  for  recommending  an  exact  freq,uency  and 
amplitude.  Techniq_ues  and  results  must  come  from  experience.  As  with  the  ex¬ 
ternal  vibrator,  caution  should  be  used  not  to  over-vlbrate  the  mix  for  separation 
results.  With  experience,  ■visual  observation  will  determine  when  good  results 
are  obtained. 

Ten  percent  mixing  water  by  weight  was  used  for  this  study.  Vibration  time 
was  varied  t-o  produce  the  best  results  for  the  particular  frequency  used  and  is 
recorded  in  Table  13.  The  time  interval  bet-ween  the  end  of  the  initial  wet 
mixing  and  placeiaent  is  also  shown.  Figures  38  and  39  are  curves  of  density  and 
modulus  of  rupture  vs.  frequency  for  the  air  and  electrically  driven  vibrators 
respectively. 

Air  Driven  Vibrator 

A  vibrator  small  enough  to  permit  almost  complete  immersion  in  a  speci¬ 
men  mold  required  the  pendulum  to  be  quite  small  (see  Figures  9  and  l4). 

The  light  weight  of  the  pendulum  resulted  in  an  amplitude  so  small  at 
3600  vpni  frequency  that  the  material  did  not  flow.  The  effect  of  vibration 
was  not  pronounced  until  frequencies  of  10,000  vpm  and  over  were  tried. 

After  15,000  ■vpm  was  reached,  there  was  no  apparent  increase  in  frequency 
and  amplitude  -with  an  Increase  in  the  throttle  setting.  For  this  reason.  It 
was  felt  that  frequencies  over  15,000  ■vpm  were  not  obtained  with  this  vibra¬ 
tor.  A  tachometer  indicated  an  increase  in  revolutions  per  minute  of  the, 
pendulum  accompanying  an  increase  in  throttle  setting  but  due  to  slippage  as 
it  rolled  around  the  inside  of  the  case,  its  four  rotations  per  revolution 
presumably  were  not  achieved. 

An  attempt  to  check  this  by  again  xising  the  some  transducer  and  audio 
oscillator  hook-up,  described  in  the  discussion  on  external  vibration,  proved 
to  be  unsatisfactory  due  to  the  random  frequencies  produced  by  the  vibra^tor. 

Since  the  maximum  ■values  for  density  and  modulus  of  rupture  appear  at  a 
frequency  of  10,CXX)  ■vpm,  discrepancies  of  actual  frequency  in  the  higher 
ranges  -would  not  discredit  the  usefulness  of  this  study. 

Figures  ^(-0  and  4l  are  the  bottom  and  edge  views  of  Specimen  IF. 1-121 
which  is  the  most  dense  and  has  the  highest  modulus  of  rupture  (see  Table  13). 
It  was  vibrated  at  10,CXX)  vpm  which  is  also  the  frequency  which  produced  the 
best  specimen  using  external  vibration. 

Specimen  IF ,1-134  is  the  least  dense  due  to  poor  coinpaction  at  a  low 
frequency  (7200  "vpia).  The  bottom  and  edge  views  are  shown  in  Figures  42 
and  43.  Figure  44  shows  the  -top  of  this  same  specimen  and  the  absence  of 
fines  between  the  coarse  aggregate  is  apparent. 


Page  95 


A  second,  peak  density  Is  indicated  at  20,800  vpm  in  Figure  38  which  is 
the  curve  of  density  vs.  frequency.  Figures  45  and  Ho  show,  however,  that 
severe  separation  took  place  at  the  higher  frequency. 

Electrically  Driven  Vibrator 

The  electrically  driven  vibrator  contains  an  eccentric  weight  and  there¬ 
fore  produces  essentially  sinusoidal  vibration.  The  frequency  was  controlled 
hy  using  the  electronic  power  supply  (Reliance  V-S  Drive)  to  drive  it. 

Excessive  aniplitude  at  frequencies  of  10,000  vpm  and  over  resulted  in  coarse 
particles  and  globules  of  fines  being  thrown  out  of  the  acid. 

Figure  39  shows  the  curves  of  density  and  modulus  of  rupture  vs.  fre¬ 
quency.  Note  that  with  this  vihrator  the  maximum  density  cccutrs  at  36OO  vpm 
and  thereafter  decreases  with  increasing  frequency. 

This  can  be  attributed  to  two  conditions:  first,  the  size  of  the  vibrating 
head  which  could  only  be  immersed  in  the  material  for  a  few  inches;  and 
secondly,  the  excessive  aimlitude  resulting  from  higher  frequencies  had  a 
tendency  to  disturb  the  mix  rather  than  conqpact  it.  On  lar.^:;  castings  where 
the  entire  head  could  be  immersed  in  the  material  this  tendency  would  not 
be  a  disadvantage  since  the  material  itself  would  tend  to  daj^en  the  ampli¬ 
tude. 

Figures  47  and  48  show  the  bottom  and  edge  views  of  Specimen  IF. 1-153 
which  is  the  moat  dense. 

Specimen  IF.I-I58,  the  least  dense,  is  shown  in  Figures  49  and  50  and 
occurred  at  10,000  vpm  frequency.  Figure  51  shows  the  top  surface  of  this 
same  specimen.  Note  the  absence  of  fines  between  the  coarse  aggregate. 

Mixing  and  Vibrating  in  a  Vacuum 

To  effect  maximum  density  requires  that  no  voids  exist  due  to  entrapped  air 
and  that  all  particles  are  aligned  so  that  voids  do  not  exist  between  them. 

Vibration  has  already  shewn  its  effect  on  particle  alignment  and  compaction. 

In  order  to  determine  if  density  could  be  increased  further,  it  was  decided  to 
investigate  the  effect  of  mixing  and  vibrating  in  a  vacuum  to  aid  in  removing 
entrapped  air  from  the  specimen. 

Unfortunately  at  this  point,  all  of  the  material  that  caiae  from  the  original 
batch  numher  was  exhausted.  Any  data  obtained  from  using  the  material  left  over 
from  the  internal  vibration  study  could  not  be  related  to  the  specimens  (-I90, 

-I9I,  “I94  and  -I97)  that  had  already  been  made. 

Table  l4  summarizes  this  study,  the  first  four  lines  of  data  show  that  a 
higher  density  and  modulus  of  rupture  resulted  when  the  material  was  mixed  in 
a  vaouim  only.  This  data  may  also  be  compared  with  the  data  for  Specimens  -I81, 
-I82  and  -183,  (Table  12)  since  these  specimens  were  mde  under  the  same  con¬ 
ditions.  This  further  comparison  indicates  that  vacuum  mixing  is  beneficial. 
However,  whether  the  improvement  shown  due  to  vacuum  mixing  offsets  the  diffi¬ 
culties  encountered  in  performing  this  operation  is  debatable. 
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SpeclmeriB  were  rua  as  shown  in  Table  l^i-.  Three  specimens  (-200  thru  -202) 
were  both  mixed  and  vibrated  in  air  to  serve  as  a  standard.  Two  different 
sets  of  specimens  (-I90  and  -I9I  and  203  thru  205)  were  mixed  in  a  vacuum  (Figure 
16)  and  vibrated  in  air.  These  showed  no  significant  change  in  density  and  a 
decrease  In  modulus  when  compared  with  the  standard,  the  average  of  -200  thru 
-202.  Two  other  sets  of  specimens  (»206  thru  -208  and  -206r  thru  -208B)  were 
mixed  in  air  and  vibrated  in  a  vacuxia  (Figure  I8).  As  compared  with  the 
standard,  these  showed  an  increase  in  density  with  no  significant  change  in 
modulus.  These  two  sets  of  specimens  show  an  interesting  comparison.  Difficulty 
was  encountered  when  vibrating  in  a  vacuum  In  that  pits  remained  in  the  top 
surface  of  the  specimens  caused  by  the  collapse  of  bubbles  which  had  risen  to 
the  surface  while  vibrating.  To  remedy  this  condition,  the  vacuum  was  released 
15  seconds  before  the  end  of  the  two-minute  vibration  period.  This  procedure 
allowed  the  voids  left  by  collapsed  bubbles  to  be  closed  before  vibration 
stopped.  The  bubble-closing  technique  increased  the  density  as  would  be  expected, 
but,  for  some  unknown  reason,  lowered  the  modulus. 

Two  sets  of  specimens  (-1914^  and  -197  and  -209  thru  -211)  were  both  mixed 
and  vibrated  in  a  vacuum.  As  coEpared  to  the  standard,  the  first  set  of 
specimens  showed  decreases  in  both  density  and  modulus.  The  second  set,  done 
by  the  bubble-closing  technique,  had  a  hi^er  density  and  a  better  surface 
finish,  but  a  lower  modulus  than  the  standard.  The  modulus,  however,  was  twice 
as  great  as  the  nudulus  of  the  -19*<-  and  -197  set.  This  difference  further 
emphasizes  che  difference  in  properties  attainable  from  different  batches  of  the 
same  commercial  product. 

Variations  In  Castable  Refractory  Used 

One  of  the  nost  provocative  findings  of  this  investigation  was  the  variation 
found  In  the  material  used. 

When  the  investigation  was  initiated,  the  Contractor  purchased  1000  pounds 
of  refractory  naterial  which  was  exhausted  by  the  time  Specimen  IF.l-Ul  was 
made. 


The  manufacturer  had  previously  sent  the  Contractor  a  100  pound  sample  for 
the  Plt^ase  II  evaluation.  When  it  became  apparent  that  additional  material  was 
necessary  for  the  last  six  specimens,  it  was  decided  to  use  the  material  on 
hand.  Part  of  the  100  pounds  was  used  for  Specimens  -112  thru  -II7  and,  as 
noted  in  Table  10,  the  naterial  when  mixed  with  10  percent  water  by  weight, 
appeared  to  be  much  wetter  than  that  previously  used.  The  specimens  also  were 
a  light  gray  in  color  as  compared  to  all  of  the  others  which  were  cream  colored. 
It  was  discovered  at  this  tine  that  the  first  1000  pounds  used  and  the  100 
pounds  used  for  the  last  six  specimens  came  from  different  batches. 

A  second  1000  pounds,  which  cane  from  a  different  distributor,  was  ordered 
for  the  internal  vibration  study.  A  screen  analysis  of  the  original  mterlal 
called  "Sample  1"  In  Table  9,  had  previously  been  j»de.  When  the  new  material 
arrived,  a  screen  analysis  was  made  (Sanple  2)  and  the  results  of  this  com¬ 
parison  are  shown  in  Table  9  and  graphically  in  Figure  52. 
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After  the  screen  analysis  revealed  drastic  differences  between  the  materials, 
three  specimens  were  made  from  this  material  using  the  external  vibrator  at 
10,000  vpni  frequency  and  0.0020  inch  amplitude,  rather  than  .0003,  since  optimum 
conditions  for  external  vibi’atioa  had  not  been  established  at  this  point  in 
the  investigation.  A  comparison  of  these  specimens  with  those  made  during  the 
study  of  the  effect  of  frequency  on  density  and  modulus  of  rupture  (Specimens 
-10  thru  -117 )  under  the  same  conditions  of  frequency  and  aiaplitude  showed  the 
density  of  the  new  material  to  be  approximately  5  percent  less  and  the  modulus 
of  rupture  to  be  approximately  22  percent  less. 

The  studies  to  determine  the  effect  of  the  amount  of  mixing  water  used,  the 
optimum  time  of  vibration,  and  the  effect  of  mixing  and  vibrating  in  a  vacu-om 
had  not  been  made.  After  discovering  these  variations  in  the  material,  an 
additional  200  pounds  of  material  were  procured  which  came  from  the  same  manu¬ 
facturer's  batch  as  the  original  1000  pounds  of  material.  This  was  necessary 
to  assure  that  data  obtained  from  these  studies  could  be  compared  with  results 
obtained  from  the  original  study  on  the  effect  of  frequency  on  density  and 
modulus  of  ruptxire  (Specimens  -10  thru  -117). 

All  of  the  differences  noted,  including  batch  numbers,  were  brought  to  the 
manufacturer's  attention  in  the  hope  that  a  check  of  their  batch  numbers  nd^t 
reveal  the  cause  of  some  of  the  variations.  However,  the  manufacturer  replied 
that  all  of  their  material  contains  the  same  constituents  and  meets  all  require¬ 
ments  for  commercial  standards.  It  may  be  well  to  mention  at  this  point,  that 
experience  Indicates  that  refractory  castables  to  be  used  for  the  tooling 
application  will  require  closer  control  than  materials  that  are  used  in  standard 
refractory  applications.  It  is  felt  that  the  refractory  manufacturers  will  have 
to  control  more  closely  the  size  and  distribution  of  the  aggregate  and  the  amount 
and  quality  of  the  binder  in  order  to  have  materials  of  sufficient  uniformity 
for  use  as  non-metallic  forming  tools  (see  References  19  and  23), 

Another  precaution  to  be  noted  is  the  total  quantity  of  water  used.  This 
water  consists  of  that  part  added  at  the  time  of  mixing  and  the  uncontrolled 
part  which  has  been  absorbed  from  the  air.  Since  calcium  alumlnate  is  hygro¬ 
scopic,  it  should  be  properly  stored  and  shielded  from  moisture-laden  air  as 
much  as  possible.  Castables  containing  this  type  of  binder,  which  absorbs  moisture 
In  storage,  imiy  result  in  a  maxture  that  is  too  wet,  thus  reducing  the  strength 
of  the  tool.  Lumps  may  be  formed  from  pressirre  during  storage  and  should  not  be 
mistaken  for  those  caused  by  dampness.  Lumps  due  to  storage  are  readily  pulver¬ 
ized. 


CONCLUSIONS 

The  conclusions  reached  by  this  investigation  of  placement  techniques  are: 

1.  Vibration  is  necessary  for  quality  casting  of  refractories  when  minimum 
mixing  water  is  used. 


Page  98 


2,  The  optinram  frequency  and  amplitude  Were  found  to  he  10,000  vpm  at 
0.0005  inch  respectively  with  the  equipment  used  for  the  external 
vibration  study. 

3.  Excessive  vibration  time,  particularly  at  the  higher  frequencies  and 
with  large  anqjlitudes,  is  detrimental  to  strengt-h  and  causes  severe 
separation  of  the  naterlal, 

4-.  Internal  vibration  cannot  be  precisely  controlled  at  this  tirsie;  how¬ 
ever,  additional  studies  should  provide  improved  methods. 

5.  Variations  found  in  the’ castable  refractory  used  indicate  that  the 
commercial  grade  would  be  unsatisfactory  as  a  tooling  material. 

6,  Vacuum  mixing  and/or  vacuum  vibrating  offer  little  advantage. 


RECOWIENIIATIOMS 


The  recommendations  pertaining  to  tha  investigation  of  placement  techniques 

are: 

1.  For  castables  containing  hydraulic  setting  cement,  mixing  water  should 
be  held  to  a  mininum,  sufficient  only  for  the  placement  technique 
used. 

2.  Vibration  equipment  for  use  with  refractory  castables  should  have 
aiaplitudes  no  greater  than  O.OOO5  inch  and  a  frequency  in  the  range  of 
9OCX)  to  11,000  vpm. 

3.  Vibration  time  should  be  only  long  enough  to  obtain  good  compaction  as 
determined  visually. 

4.  Until  such  time  as  specific  commercially  available  formulations  can 
be  designated  and  adequate  manufacturing  standards  determined,  users 
of  coOTKrcially  available  castables  for  tooling  should  ascertain  that 
all  material  used  for  a  particular  tool  is  from  the  same  manufacturer's 
batch . 

5.  Manufacturing  standards  for  castable  refractories  should  include; 


Chemical  analysis 
Sieve  analysis 
Particle  shape  definition 
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PART  III  -  COM'fSCIAL  CASTABLE  REFRACTORY  EVALUATION 


INTRODUCTION 


The  Contractor  has  either  purchased  or  received  gratis  ll4  commercial 
jnaterials  which  have  been  recorraaended  as  prospects  for  tooling  applications. 

Due  to  the  large  number  of  materials  to  be  tested,  it  was  decided  that  the 
first  evaluation  would  be  based  on  drying  and  firing  size  change,  hot  and  room 
temperature  modulus  of  rupture,  density,  and  surface  finish.  Additional  tests, 
such  as  wear  resistarce,  thermal  shock  resistance,  etc.,  required  by  succeeding 
phases  will  further  evaluate  the  most  promising  materials  selected  as  a  result 
of  this  first  evaluation. 

All  of  the  specimens  made  during  the  vibration  study  previously  reported 
were  visually  studied  and  eleven  were  chosen  which  were  felt  to  be  prime 
exan^sles  of  surfaces  that  ranged  from  the  best  to  the  poorest.  This  standard 
was  adopted  to  grade  the  surface  of  all  the  specimens  reported  herein.  The 
standard  surfaces  are  shown  in  Figures  53  bhru  64,  Pages  175  thru  l80. 


PRCXIEDURBS 


Castables  Other  Than  Slip  and  Ran  Types 

All  dry  materials  were  inspected  to  determine  if  they  had  been  exposed  to 
moisture  or  had  in  any  way  tended  to  set  up.  The  dry  materials  were  then  mixed 
in  the  Patterson-Kelley  Type  DD  TwlnSb<ri.:  Blender  shown  in  Figure  65,  Page  I8I, 
for  five  minutes.  After  dry  mixing,  enough  material  was  removed  to  make  one 
specimen,  weighed,  and  placed  in  the  tub  of  the  Rotary  Mixer  manufactured  by 
Charles  Ross  St  Sons,  Brookljvi,  New  York,  shown  in  Figure  66,  Page  I8I,  A  known 
q.uantlty  of  water  was  slowly  added  to  the  dry  material  until  the  mix  appeared  to 
be  of  the  proper  consistency  for  the  placement  techniq,ue  used.  A  specimen  was 
then  made  to  visually  check  for  proper  water  content.  This  procedure  was  repeated, 
as  necessary,  until  the  proper  percent  mixing  water  was  determined  to  the  nearest 
0.01  pound.  Material  for  the  remaining  specimens  of  that  product  was  then  wet 
mixed  for  three  minutes  in  the  Model  ^KG,  Mix-J4uller  manufactured  by  Posey  Iron 
Works,  Inc.,  see  Figure  67,  Page  182,  using  the  percent  mixing  water  so  deter¬ 
mined.  After  the  Initial  mixing  was  completed,  the  mlx-ouUer  was  stopped, 
enough  material  was  removed  at  one  time  to  cast  one  specimen,  and  then  the 
mix-iauller  was  started  again.  This  procedure  w'as  continued  until  all  specimens 
had  been  castj  however,  some  of  the  oalciina  alusilnate  binder  materials  had  such 
a  fast  set-up  time  that  specimens  were  mixed  in  the  rotary  mixer  (Figure  66),  one 
at  a  time  as  Indicated  in  the  Remarks  Column  of  Table  15 . 

The  specimens  were  cast  in  precision  aluminum  molds.  A  mold,  mounted  on 
the  external  vibrator  is  shown  in  Figure  12,  Page  149,  and  a  close-up  view  of  a 
mold  is  shown  in  Figure  33^  Page  163.  The  specimens  were  vibrated  at  10,000  vpm 
and  0,0005  amplitude  for  one  minute  or  longer  depending  on  the  material,  as 
indicated  in  Table  15. 
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The  "L”  pins  which  lock  the  movable  sides  in  place  were  removed  and  the  bolts 
holding  the  springs  were  unscrewed  to  a  torque  of  5  inch-pounds  (Figure  68, 

Page  103 )•  This  procedure  was  followed  to  permit  unrestrained  expansion  of  the 
castable  where  applicable.  The  specimens  were  than  covered  with  damp  burlap  to 
retard  rapid  drying  when  recoraanded  by  the  material  manufacturer. 

After  twenty-four  hours,  the  specimens  were  removed  from  the  molds,  identi¬ 
fied,  and  allowed  to  continue  curing  for  the  tine  specified  by  the  manufacturer. 
Tliey  were  then  dried  at  220  F  and  subsequently  measured  for  drying  size  change. 

Measurement  of  Specimens 


A  height  gage  and  dial  indicator  were  used  to  measure  both  drying  and  firing 
size  change.  The  setup  for  making  this  measurement  is  shown  in  Figure  69, 

Page  181.  An  aluminum  brick  standard  which  measures  9«0005  inches,  shown  in 
this  figure  was  used  to  calibrate  the  dial  indicator  to  zero.  Each  specimen 
was  placed  against  two  rails  for  location.  After  a  parallel  bar  had  been 
carefully  centered  on  top  of  the  specimen,  the  height  gage  base  was  positioned 
against  one  rail  and  moved  toward  the  specimen  until  the  front  edge  of  the  height 
gage  contacted  the  back  edge  of  the  stop  rail.  The  dial  reading  was  then 
recorded.  For  slip  cast  specimens,  the  U  l/2  inch  trldth  dimension  was  used. 

Firing  of  Specimens 

The  220  F  dried  specimens  were  coiapared  with  the  standards,  Piginres  5**-  thru 
64  for  surface  finish,  and  the  finish  was  recorded  in  Table  15.  Later,  the 
specimens  were  fired  at  the  manufacturer's  recommended  firing  temperature  for 
maximum  strength  and,  in  some  instances,  for  minimum  size  change. 

For  all  calcium  alumlnate  binder  products,  a  firing  rate  of  150  F/hr.  was 
used  with  a  soaking  time  of  four  hours  at  firing  temperature,  AH  other  products 
were  fired  at  a  rate  of  50  P/hr.  to  600  F  and  then  IpO  P/hr.  to  firing  temper¬ 
ature.  These  products  also  were  given  a  four  hour  soaking  period.  Specimens 
were  measured  again  to  obtain  firing  size  change  and  weighed  to  establish  density. 
Also,  surface  finish  was  determined  after  firing.  See  Table  15  for  values. 

Modulus  of  Rupture 


Modulus  of  rupture  was  the  final  test  made,  see  Figure  8,  Page  146,  After 
firing  at  manufacturer's  recommended  temperature,  some  specimens,  as  indicated 
in  Table  15,  were  heated  to  2000  F  at  a  rate  of  200  p/hr.  and  broken  hot  for  the 
2000  F  modulus  of  rupture  test  (Figure  JO,  Page  l84).  An  equation  for  modulus 
of  rupture,  per  A.S.T.M. (24)^  nay  ije  expressed  as  shown  on  Page  88, 

Slip  Type  Castables 

Slip  casting  materials  were  mixed  in  a  blunger  (Figure  Tl,  Page  I85)  or  on  a 
roller  (Figure  4,  Page  144),  as  recommended  by  the  manufacturer.  Mixing  was 
continued  until  the  proper  pouring  consistency  was  reached.  Plaster  molds  made 
from  U.S.  Gypsum's  IJo.  1  pottery  plaster  w'ere  coated  with  graphite  as  a  parting 
agent.  Figures  72  and  73,  Pages  I85  and  x86.  Tliree  inches  excess  was  allowed  on 
the  length  of  the  molds  for  piping.  Specimens  were  cut  to  9  inch  lengths  after 
firing. 
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These  materials  were  allowed  to  dry  in  the  molds  for  a  minlnaim  of  48  hours 
at  room  teinperatxire  before  removing.  Specimens  were  then  dried  at  220  F  for 
24  hours.  The  remainder  of  the  test  procedure  was  the  same  as  previously 
mentioned  for  other  castables. 

Ram  Type  Castables 


If  the  ramming  mixture  was  not  a  ready  snlxed  product,  the  twin  aheU  blender 
and  mix  muller  were  used  for  mixing.  Figure  65  and  67,  Pages  181  and  182  respec¬ 
tively.  After  mixing,  mterials  were  placed  into  molds.  Figures  33,  Page  I63, 
and  rammed  with  the  rammer  shown  in  Figure  74,  Page  I86.  As  recommended  by  the 
iSBterlals  manufacturers,  some  materials  were  rarjimed  in  layers,  with  surfaces 
between  layers  being  roughened  to  avoid  lamination.  Other  materials  we:re  heaped 
up  and  rammed,  which  left  an  excess  of  material  on  the  top  of  the  mold.  Excess 
material  was  then  scraped  off  level  with  the  top  of  the  mold  which  maintained  the 
proper  thickness  of  the  specimen.  After  finishing  the  ramming  operation,  each 
specimen  was  handled  as  previously  discussed. 


DISCUSSION  OF  BaUIPMFNT 


Mix  Muller 

The  Contractor  purchased  from  Posey  Iron  Works,  a  mix  muller  for  wet  mixing 
as  shown  in  Figure  67,  Page  l82.  Note  that  the  muller  may  be  adjusted  up  or  down 
to  allow  for  mixing  any  grog  size.  With  mix  muller  opened,  cleaning  tos  easily 
accomplished.  Dry  sand  mixed  with  sawdust  was  used  for  cleaning  after  mixing 
each  product  to  avoid  contamination  of  the  succeeding  products.  The  muller, 
scraper  and  top  cover  are  easily  raised  for  removal  of  material  from  the  pan 
and  for  cleaning. 

Twin  Shell  Blender 

The  twin  shell  blender  used  for  dry  mixing  was  manufactured  by  the  Patterson- 
KcLIey  Company,  East  Stroudsbury,  Pennsylvania  (Figure  65,  Page  I8I).  The  twin 
shells  rotate  in  a  direction  opposite  the  small  center  shaft  (intensifler  bar) 
which  contains  pins  to  aid  in  breaking  up  lumps  due  to  compaction  in  shipment  or 
storage.  Note  the  opening  at  the  apex  of  the  shells.  Material  was  easily  removed 
from  this  opening  after  mixing  by  jogging  the  apex  of  the  shells  to  the  lower 
position.  The  large  round  openings  located  opposite  the  apex  of  the  shells  pro¬ 
vide  ample  space  for  easy  entrance  of  materials. 

Molds 

Since  the  specimen  molds  were  fabricated  from  aluminum,  a  suitable  parting 
agent  had  to  be  selected.  After  investigating  numerous  products,  the  Contractor 
decided  to  coat  the  aluminum  crolds.  Figure  33 1  Page  I63,  with  a  Teflon  spray, 
manufactured  by  the  E,  I.  DuPont  de  Nemours  Coiirpany.  This  material  was  a  one- 
coat  spray  primer  #850-202  designed  especially  for  alumlnxm.  In  addition  to  the 
Teflon  coating,  peanut  oil*  was  also  wiped  lightly  on  the  molds  to  further  aid 
in  releasing  the  specimens.  It  was  found  that  if  an  excess  of  peanut  oil  'was 
allowed  to  remain  on  the  molds  prior  to  casting  or  raraning,  small  pit  holes 
resulted  on  the  surface  of  the  specimen.  The  use  of  these  parting  agents  held 
mold  cleaning  to  a  minimum. 

^Novola  Brand,  product  of  Planters  Edible  Oil  Company,  Suffolk,  Virginia 
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PISCUSSIQK  OF  RESUITS 


It  should  be  noted  that  several  of  the  products  listed  in  Table  15  have  not 
been  evaluated,  Tliese  i.iaterials  and  an  explanation  regarding  their  status 
follow: 

Codes  86a. 1  and  i*A,l  CA-25  (Calcium  Aluminate)  and  Lumnite  Cement 

These  binders  were  not  evaluated  sines  many  of  the  forriiulatlons 
tested  contain  these  materials . 

Code  86b. 1  Tabular  Alumina 

This  material  was  not  evaluated  because  Codes  39B.1  and  5A.1/ 
which  were  tested,  are  representative. 

Code  50A.1 

This  material  was  not  evaluated  because  Codes  12C.1,  12D.1, 

39B.ls  and  IOBB.I,  which  were  tested,  are  similar. 

Six  specimens  were  east  of  each  calcium  aluminate  bonded  material.  The 
first  two  were  tested  for  modulus  of  rupture  after  drying  at  220  F.  The  last 
four  specimens  were  fired  as  Indicated  in  Table  15.  The  first  two  fired 
specimens  were  broken  for  modulus  of  rupture  at  room  ten5<erature .  The  remaining 
two  fired  specimens  were  then  heate-d  to  2000  F,  at  a  rate  of  200  P/hr.,  and 
broken  immediately  for  the  20(X)  P  modulus  of  rupture  test.  See  Figure  70, 

Page  l84. 

Eight  specimens  were  cast  or  rammed  of  materials  coDtalning  phosphoric  acid 
as  the  binder.  The  first  four  specimens  were  fired  in  the  range  of  500  to  800  F. 
The  remaining  four  were  fired  at  higher  temperatures  and  later  broken  for  modulus 
of  rupture  as  Indicated  in  Table  15. 

It  nay  be  of  interest  to  note  severe  eff lorescenee  on  material  Code  9fiA.l  as 
shown  in  Fif;rure  75  and  as  noted  in  Table  15..  Further,  efflorescence  was  noted 
on  specimens  lA,l-4,  -5;  IB. 1-4,  -5|  111.1-4,  -5i  i7A.l-4,  -5;  and  17B.1-4,  -5. 
This  roay  be  attributed  to  a  setup  retarding  agent  in  the  binder  for  reducing  the 
setup  rate  of  the  material.  Material  2J.1  is  not  air  setting  in  thick  sections. 

An  extremely  large  aggregate  size  of  approximately  1/2  Inch  was  noted  in 
product  2A,1,  Some  specimens  (IP.I,  2E.1,  5P*1,  41E.1)  would  not  respond  to 
vibration  during  placement. 

Slight  separation  was  noted  on  product  IH.l,  2C.I,  and  5C.1. 

The  12C,1  material  was  tc>o  fragile  to  handle  after  drying  at  250  F|  therefore, 
measurement  for  drying  sire  change  could  not  be  made.  The  manufacturer  stated 
that  this  mterlal  is  fragile  until  fired  at  750  F.  Material  3H.1  was  crumbly 
after  drying. 
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Evidence  of  cracks  vas  noted  In  Specimens  LA. 1-6  thru  -11,  3A.1-6  thru  -9, 
5Ci.l-2,  -5  thru  -11,  and  8c.l-4,  -5.  The  manufacturer  of  material  3A.1  explained 
that  cracking  is  normal  after  drying  and  firing  his  product  (see  Figure  76), 

Material  21C.1  evidenced  the  tendency  to  bulge  the  mold  to  a  greater  degree 
than  other  phosphoric  acid  type  binder,  rammed  castables.  However,  this  tendency 
waa  found  to  be  common  to  all  materials  of  this  type. 

Longitudinal  shrink  cracks  occurred  after  room  temperature  cure  of  material 
5Q.1.  Specimens  5Q*l-9  thru  -11  cracked  severely  after  firing  at  1500  F  and 
could  not  be  measured  for  size  change.  Cracks  in  8C.1-1^  and  -5  appeared  after 
drying  at  220  F. 

Note  in  Table  15  that  modulus  of  rupture  data  are  missing  on  some  specimens 
(3D.1,  3E.1,  20a, 1,  IOSb.I).  Although  firing  temperatures  were  selected  from 
manufacturers* reconnaendatious  or  physical  properties  data  sheets  to  produce 
maximum  strength  and  minimum  size  change,  some  specimens  (2B.1,  50-1/  9A.1,  9B.1 
and  25c. 1)  melted,  distorted,  or  cracked  so  badly  that  test  data  could  not  be 
recorded . 

Surface  finish  standard  No.  1  (Figure  pk,  Page  175)  was  checked  with  a  Pro- 
fllometer  and  indicated  a  reading  of  95  micro  inches.  It  is  of  interest  to  note 
that  of  all  products  tested,  the  best  surface  finish  vras  found  on  material  25B.1. 
The  Profilometer  reading  of  this  product  indicated  a  52  micro  inch  finish. 

Specimen  25B.1-8  exceeded  the  strength  of  all  other  products  evaluated  for 
the  2000  F  modulus  of  rupture  test,  A  7230  pound  loading  (capacity  of  machine) 
would  not  rupture  the  specimen  on  the  first  try.  However,  after  subjecting 
the  specimen  to  the  test  (including  reheating)  for  the  second  time,  failure 
occurred  with  a  loading  of  5615  pounds.  See  Table  15  for  n*odulus  of  rupture  value. 

It  was  later  learned  (refer  to  Table  15)  that  Code  108a  material  could  be 
readily  cast  with  the  standard  vibration  technique.  By  placing  in  this  fashion 
the  surface  finish  was  improved  from  aNo.  9toaNo,  3» 

The  room  temperature  modulus  of  rupture  of  material  Code  21C.1  was  approxi¬ 
mately  one-third  stronger  after  firing  at  2000  F  than  when  fired  at  700  F.  Data 
for  modulus  of  rupture  at  2000  P  show  the  material  fired  at  700  F  to  be  one-third 
stronger  than  the  material  fired  at  2000  F,  Reference  10  gives  a  possible 
explanation  which  concerns  an  incipient  decomposition  of  aluminum  phosphate  to 
alumina  and  volatile  phosphorous  pentoxide  at  2000  F. 

The  Contractor  maintains  that  the  end  use  of  a  castable  refractory  must  be 
known  before  an  evaluation  of  such  products  can  be  made  and  considers  the  following 
to  be  the  tliree  main  areas  of  use: 

1.  Unfired  tooling  used  at  room  tenperature 

2.  Fired  tooling  used  at  room  temperature 

3*  Fired  tooling  used  at  elevated  temperature 
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The  main  consideration  In  judging  ceramic  materials  as  tools  for  metal 
forming  is  strength,  as  measured  by  the  modulus  of  rupture.  Important,  but 
lesser  considerations  are  drying  or  firing  size  change  and  surface  finish.  For 
fired  tools  used  at  elevated  temperature  the  coefficient  of  thermal  expansion 
and  therual  shock  resistance  are  important.  Density  is  not  considered  an 
important  factor  and  would  only  be  used  in  differentiating  among  otherwise  equal 
materials . 


It  is  helpful  In  an  evaluation  prograia  to  assign  numerical  V'alues  to  the 
different  variables  in  such  a  fashion  that  a  final  number  may  represent  the 
worth  of  a  specific  promising  material.  It  is  even  more  helpful  if  the  "final 
numbers"  can  be  presented  graphically.  The  conti’actor  has  used  such  a  scheme  to 
evaluate  and  present  the  data  of  Table  15.  This  information  appears  in  Tables 
l6,  17,  and  10,  and  in  Figures  77  thru  85  (see  Pages  135  thru  l42  and  I88  thru 

196). 


Table  15  contains  data  accumulated  throughout  the  contract  period,  even  as 
late  as  November  30,  I96O,  The  late  data  are  so  indicated  by  notes  in  the  "Remark 
column.  Tables  16,  17  and  I8  rank  the  materials  in  two  ways,  one  per  the  data 
available  in  July,  1959 j  and  the  other  per  the  final  availability  of  all  data 
prtxiuced  by  the  contract.  The  bar  graphs  of  Figures  77  thru  85  only  deal  with 
final  data. 

To  arrive  at  a  "final  number",  the  modulus  of  rupture  is  divided  by  the 
arbitrary  figure  of  30  psl  =  0.1  inch  to  obtain  a  length  dimension.  From  this 
length  dimension  are  subtracted  increments  representive  of  drying  or  firing 
size  change  and  surface  finish.  The  drying  (for  unfired  tools)  and  firing  (for 
fired  tools)  size  changes  are  divided  by  the  arbitrary  figure  of  0.03^  •  0.1 
inch.  No  surface  finish  is  regarded  as  perfect.  A  number  1  surface  finish 
represents  a  penalty  01  0,1  inch,  a  number  2  surface  finish  0,2  inch,  etc. 

In  this  manner,  the  data  of  Table  I5  have  been  reduced  to  s  tabular  and 
graphical  presentation.  Only  the  better  half  (or  less)  of  the  prospective 
materials  are  presented.  Table  I6  and  Figure  77  show  the  relative  "worth"  of 
the  50  leading  contenders  for  unfired  tools;  Table  17  and  Figure  78  show  the 
relative  "worth"  of  the  4?  leading  contenders  for  fired  tools  used  at  room 
temperature;  and  Table  I8  and  Figure  79  show  the  relative  "worth"  of  the  30 
leading  contenders  for  fired  tools  used  at  elevated  ten^ieratures. 

For  convenience  to  those  Interested  in  selecting  a  material  solely  on  the 
basis  of  size  change,  the  graphs  of  Figures  80  and  8l  have  been  prepared;  and 
on  the  basis  of  surface  finish,  the  graph  of  Figure  82  is  pertinent. 

For  needs  based  entirely  on  strength  considerations,  the  graphs  of  Figures 
83,  84  and  85  will  be  useful. 


The  data  of  Tables  I6,  17  and  I8  enable  a  comparison  of  the  manufacturer- 
furnished  strength  and  shrinkage  data  with  that  obtained  from  this  investigation. 
In  a  great  many  instances  the  strength  data  from  this  investigation  markedly 
surpassed  that  of  the  material  suppliers.  This,  the  contractor  attributes 
to  his  placement  process  employing  controlled  vibration  and  minimum  water  content. 
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Before  doing  further  evaluation  v/ork  the  contractor  decided  to  reduce  to  ten 
the  number  of  materials  to  be  used  in  subsequent  testing.  In  order  to  effect 
this  reduction  and  not  eliminate  desirable  materials  a _ procedure  uas  used  which 
considered: 

1.  The  best  materials  in  each  category  (8b*,  71B*,  12E,  2QA,  20B,  108Aj  25B, 
25A  and  21C). 

2.  Materials  having  coa^taratively  high  values  in  all  three  categories,  there¬ 
by  offering  the  advantage  of  minimum  inventory. 

3.  Ram  cast  materials  unacceptable  (108b  for  example). 

1.  Different  aggregate/blnder  systems  (39A). 

This  selection  resulted  in  the  indicated  materials. 


COICLUSIOIK 


It  Is  concluded  that  of  all  the  commercial  formulations  evaluated,  10  show- 
particular  promise  for  tooling  applications.  These  materials,  which  shoiild  be 
further  evaluated  in  Phase  III,  are  as  follows: 

Code  5A.1 
12E.1 
12P.1 
2QA.1 
208.1 
21c.  1 

25A.1 

25B.1 

39A.1 

IO8A.I 


REC0MMENDATI0M8 


This  phase  of  the  report  recommends  that  the  selected  materials  be  further 
evaluated  in  Phase  III. 


*In  analyzing  the  data  initially,  the  relative  value  of  materials  8b  and  7IB  was 
inadvertently  overlooked.  Consequently,  they  do  not  appear  as  selected  naterials 
and  were  not  retested  at  the  beginning  of  Phase  III.  These  materials  were 
extensively  evaluated  at  a  later  time  and  the  bar  graphs  of  Figures  77  thru  85 
and  Table  41  indicate  their  selection  to  have  been  valid. 
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Name  and  Addreas  I2E® 

All  American  Tool  &  Manufacturing  Conqsany  Ekternal 
O033  Laundale  Avenue 
Skokie,  Illinois 

Babcock  &  Wilcox  Company 
Refractories  Division 
Candler  Building 
Atlanta  3;  Georgia 

Branford  Coirgpany 
140  Chestnut'  Street 
New  Haven,  Connecticut 

General  Refractories  Company 
1520  Locust  Street 
Philadelphia  2,  Pennsylvania 

A.  P.  Green  Fire  Brick  Company 
Mexico,  Missouri 

Ingersoll-Rand  Congjany  Internal 

1700  Third  Avenue  South 
Birmingham,  Alabama 

M.  B.  Manufacturing  Company  gxternal 

P.  0.  Box  1825 

New  Haven,  Connecticut 

Mexico  Refractories  Congjany 
Mexico,  Missouri 

North  Carolina  State  College 
Raleigh,  North  Carolina 

Pennsylvania  State  University 
University  Park,  Pennsylvania 

Portland  Cement  Association 
33  W.  Grand  Avenue 
Chicago  10,  Illinois 

Remington  Arms  Company  Internal 

Bridgeport  2,  Connecticut 
(Formerly  Mall  Tool  Company) 

Stow  Manufacturing  Company  Internal 

UOO  State  Street 
Binghamton,  New  York 


Frequency  Rases 
3OO-  6,000  vpra 


6,000-  15,000  vpm 

120-600,000  vpm 


1,200-10,000  vpm 

6,000-  15,000  vpm 


Syntron  Company 

Homer  City,  Pennsylvania 


External  3,600-  7,200  vpm 
Internal  7,200-  10, OCX)  vpm 


T/3LE  8  CCont'd) 
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Haoe  and  Address 


UniYeroal  Atlas  Cement  Company 

100  I^rk  Avenue 

New  fork  I7,  New  York 

Ylbro-Pluf  Products  Incorporated 
Stanhope,  New  Jersey 


Type 


External 

Internal 


fredOeacy  Eange 


3,600  ypi 
12,000  rpm 
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TABLE  9 

SCiffiEN  /.EALYSIS  OF  I.M'ERIALS  UaED' 

{Screen  Scale  Ratio  1,414) 

MAYERIAL  CODE:  3.1.1i-’.l  (Sample  l)  DATE:  Feb.  19,  1959 


TYLER 

MESH 


OPENING 

In. 

0.263 

0.1S5 

0.131 

0.C93 

0.065 

0.046 

0.0328 

0.0232 

0.0164 

0.0116 

0.0082 

0.0058 

0.0041 

0.0029 

0.0017 


WEIGHT 

gms. 


PERCENT  PERCENT 

CUMULATIVE 


TOTAL 


3^.1 

10.6 

10.6 

46.3 

15.3 

25.9 

34.1 

11.3 

37.2 

24.5 

8.1 

45.3 

19.2 

6.4 

51.7 

l2 . 8 

4.2 

55.9 

0.3 

2.7 

58.6 

7.5 

2.5 

61.1 

7.3 

2.4 

63.5 

9.1 

3.0 

66.5 

8.4 

2.8 

69.3 

27.1 

9.0 

78.3 

53.0 

17.6 

95.9 

12.5 

4.1 

100.0 

302.2 

100.0 

TABLE  9  (Cont'd) 
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SCREEIi  AHALYSIS  OF  MATKl.UALo  UJFD 
(Screen  Scale  Ratio  1,414) 


MATERIAL  CODE;  3.1.1F.1  (Sample  2)  DATE;  thrch  4.  19^9 


TYLER 

MESH 

OPENING 

In. 

WEIGHT 

gms. 

PERCENT 

PERCENT 

CUpaJLATIVE 

3 

0.263 

4 

0.185 

6 

0.131 

16.6 

16.1 

16.1 

8 

0.093 

19.8 

19.2 

35.3 

10 

0.065 

13.9 

13.5 

48.8 

14 

0.046 

9.5 

9.2 

58.0 

20 

0.0328 

6.3 

6.1 

64.1 

28 

0.0232 

3.4 

3.3 

67.4 

35 

0.0164 

1.8 

1.7 

69.1 

48 

0.0116 

1.6 

1.5 

70.6 

65 

0.0C52 

1.0 

1.0 

71.6 

100 

0.0056 

0.9 

.9 

72.5 

150 

0.0041 

2.1 

2.0 

74.5 

200 

0.0029 

5.2 

5.0 

79.5 

325 

0.0017 

11.7 

11.3 

90.8 

Pan, 

9.5 

9.2 

100.0 

TOTAL 

103.3 

100.0 

T.OIE  10  DATA  or;  FRE3UENCY  Al®  AMPLITITDE  vs.  DENSITY  AJ®  MODJLUS  OF  RUPTJRE  -  EXTERKAL  VIBRATION 


3PKIMEK 

TIME  IWrERVAL 

AMPLITUDE 

faClUENCI 

2SIGHT 

2EIGHT 

SPEC If 1C 

DEHaiTZ 

BREAKIiO 

MODUUS 

AEMABES 

SBfSm 

MHING  TO 
PUCEMEEI 

IW  AlH 

IH  WAISa 

GflAVITX 

Ibs/ft^ 

FQilQa 

or  auPTiau: 

ai,n. 

in. 

TfB, 

PL3. 

gras. 

lb*. 

psl 

li.l-lO 

2 

0.0005 

3,600 

3495.7 

1733.0 

1.983 

123.74 

290 

213 

ir.i-u 

9 

H 

M 

3557.0 

1772.0 

1.993 

124.36 

30c 

225 

IF.  1-12 

16 

• 

3533.0 

17b7.5 

2.001 

124.86 

385 

289 

ii**  A.“i3 

1 

« 

7,200 

3549.7 

1778.0 

2.004 

125.05 

235 

176 

If. 1-14 

6 

II 

■ 

3603.O 

1834.5 

2.037 

U7.ll 

a40 

IcO 

7ib.  *  3*3  sdn. 

li'.l-15 

12 

m 

» 

3351.0 

17o7.0 

2.013 

U5.61 

240 

lao 

If. 1-16 

2 

n 

io,acQ 

3606.0 

1955.0 

2.129 

13«i.35 

435 

326 

Mixed  addltlanai  5  sin.  Pro- 

1?.1-17 

6 

■ 

m 

3743.5 

19«2.3 

2.126 

13a. 36 

725 

544 

nounced  bubbling  nobsd.  This 

IF.l-lS 

11 

• 

m 

361?. 

2028.0 

<.135 

133.22 

710 

532 

v&s  topical  for  remniniog 
freq.  range. 

lF.l-i9 

1 

If 

12,00C' 

37X2*0 

1934.5 

a.OiiG 

130.29 

214 

l.’“,l-20 

5 

• 

• 

3o96.0 

1945.0 

2.111 

131.73 

2e9 

10 

• 

0 

3769.0 

1991.0 

2.12Q 

132.29 

360 

270 

IF.l-^r 

1 

• 

14,80C 

3647.3 

1912.0 

2.102 

131.16 

250 

183 

(-22  Vib.  -  2,:;  rJiD. }  Waves 

If. 1-43 

« 

■ 

3631.3 

1925.5 

2.116 

132.04 

235 

176 

or  ripples  on  surface  of 

If, 1-24 

12 

• 

3790.0 

2007.0 

2.126 

132.66 

475 

356 

aat'l  noted  after  approx. 

Ij  Bin.  of  vib.  This  uas 

typical  for  rennining  freq, 
range. 

iF.l-i5 

a 

n 

18,OC>0 

3700,0 

1959.3 

2.126 

ija.bc 

315 

236 

IF,  1— c6 

7 

N 

H 

3729.3 

1977.0 

2.128 

132.79 

265 

199 

lF.l-27 

13 

m 

■ 

3737.5 

1983.5 

2.131 

132.97 

475 

356 

If .1-28 

1 

« 

20,acc 

3698.0 

1947,7 

2.113 

131.85 

300 

225 

If  .1-29 

6 

a 

n 

3749.3 

1991.0 

2.132 

Ij?  •  04- 

470 

352 

lf.i-30 

12 

m 

■ 

3744.0 

1972.0 

2.113 

131.85 

265 

199 

If.  1-31 

4 

m 

a4,D0Q 

3679.0 

1932,0 

a.iot 

131.  a 

235 

191 

Vib.  -  2.7  Bin. 

lf.l-32 

9 

m 

0 

3739.0 

1984.3 

a.118 

13i.l6 

345 

259 

lF.1-33 

14 

■ 

m 

3664,5 

1947.7 

2.134 

133.16 

470 

3‘i2 

Lackec  to  completely 

fill  sold. 

iF,l-34 

1 

a 

28,800 

3679.5 

1909.7 

2.079 

129.73 

335 

251 

Vib.  -  1.7  Kin. 

lF.1-35 

m 

3710.0 

19a.  3 

2.096 

130.79 

3q0 

235 

Vib.  -  1.9  Bio. 

NOTE!  W«.t«r  -  10#  by  wsignt 

Klxing  tli»  -  5  ainutas 

Vibration  tlse  -  3  aiinutea 

Curing  tiins  -  4  days  bIMibub 

Drying  Sira  -  2*.  bcnir*  9  aaO  F;  24  hour*  •  550  F 


aPSGiMEM 

NUMSER 


FREQUSHCI  n'aiCiHT  USIQHT  SPaCIt'IC 
Hi  Aia  u  mim  oftiviii 


KODULUS 

REMAHltS 

OF  RUPIURi 

psi 

3a 

225 

221 

128 

161 

(-4O  3^^  of  top  surf-ice, 

as 

approx,  i/p'*  deep,  Icat  due 

lol 

to  erasing  I'ron  particle 
separation. >  ^avas  or  rip* 
ple:s  noted.  Tnls  was  typ- 
ica-s  for  rarwjining  freq. 

range. 

130 

-43  S  -44  1G%  of  top  surface 

^10 

(see  rem-.rks  -4C) 

135 

liO 

134 

113 

158 

206 

225 

244 

240 

232 

165 

232 

274 

3ata  lost. 

- 

Data  lest. 

Vlb.  -  2.3  min.  Data  lost. 

Water  -  1C%  by  weight 
Mixing  tins  -  5  oinutas 
Vibration  tljM  -  3  ndcutas 
Curing  tlma  -  4.  days  minlaua 

Drylog  tijss  -  24  Hours  «  220  F;  24  Hours  w  350  F 
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TABLE  10  (GOIJT'D) 


T1M3  INTSRVAi, 
KlilMl  TO 
FUCiHEirr 

Bin. 

IKFUnSS 

ij3. 

TpO* 

WSiGriT 
IH  4IK 

gas. 

'WEIilHT 

Ut  W4XfK 

gss. 

SPiGIFIC 

caAviii 

DnNSIir 

Ibs/ft^ 

BRilAlbG 

pcacs 

lbs. 

i-;oDiiLUS 

Of  RUfTimS 

psi 

BElWiLS 

r 

1 

0.0010 

ZS'j,  BCQ 

Jtss.o 

1691.7 

2.076 

129.54 

340 

255 

Vib.  -  1.2  lain 

IF.  1-62 

4 

■ 

• 

3608.5 

193s. 7 

2.10a 

131.54 

225 

169 

Vib.  **1.5  min* 

lF.1-63 

" 

« 

3690.3 

1964*7 

2.139 

133.47 

200 

150 

lF.l-64 

1 

0.0015 

3,600 

3708.3 

1888.5 

2.038 

127.17 

335 

252 

lf.l-4>5 

6 

«r 

m 

3740.0 

1873.0 

2.014 

125.67 

365 

274 

lf.1-66 

11 

m 

m 

3b77,0 

1855.0 

2.018 

125.92 

390 

293 

lF.1-67 

2 

m 

7,200 

3696.3 

1364.3 

2.018 

125.92 

255 

191 

lf.1-63 

7 

m 

■ 

3T22.0 

1832.3 

2.023 

126.24 

250 

188 

If.  1-6} 

12 

" 

II 

J7U.0 

1881.0 

2.028 

126.55 

335 

252 

If  .1-70 

1 

m 

10,CX)0 

3654.5 

1854.0 

2.O3Q 

126.67 

275 

206 

lF.1-71 

7 

m 

■ 

37d2.3 

1935.7 

2.060 

123.54 

375 

232 

If. 1-72 

12 

m 

N 

3769.5 

1941. 0 

S.OcS 

128.67 

320 

240 

If. 1-73 

1 

m 

12,000 

3690.5 

1879.3 

2.038 

127.17 

230 

173 

-73  it  -74  did  EiQt  appear  to 

IF.  1-74 

7 

" 

.  ■ 

3674.5 

1833.5 

2.052 

123.04 

245 

184 

react  to  vibration. 

If. 1-75 

u 

m 

• 

3731.5 

1937.0 

2.079 

129.73 

<465 

199 

lf.l-7b 

2 

m 

14,300 

3722.3 

1932.0 

2.079 

129.73 

235 

176 

lf.1-77 

7 

m 

* 

3775.0 

1981.0 

2.104 

131.29 

2CO 

150 

IF. 1-78 

12 

m 

■ 

■*’ 

*■ 

*" 

• 

” 

Mold  separated  during  vibra¬ 
tion. 

lf.1-79 

1 

» 

18,000 

3084.5 

1396.0 

2.06C 

128.54 

265 

199 

If. 1-80 

6 

It 

• 

3712.0 

1911.0 

2.061 

128.60 

335 

252 

IF. 1-81 

12 

« 

3700.Q 

1907.3 

<.064 

128.79 

325 

244 

Did  not  appear  to  react  to 
Tibration, 

lF.1-32 

1 

m 

20,800 

3690.5 

19C-.0 

<•062 

123.67 

280 

210 

If. 1-83 

6 

■ 

■ 

372C.5 

1914.0 

2.060 

128.54 

200 

150 

IF. 1-84 

11 

■ 

3693.5 

1911.3 

2.072 

129.29 

265 

199 

If.  1-85 

1 

- 

24,000 

3722.0 

1912.3 

2.057 

128,36 

300 

225 

IF. 1-86 

6 

•  , 

• 

• 

- 

- 

- 

- 

.■iold  separated  during  rlbra- 
tion. 

1F.1-S7 

IQ 

_ 

M 

« 

3736.5 

194O.O 

2.080 

129.79 

400 

300 

NOT£»  Water  -  10>  by  weight 

iUzing  tii&a  -  S  oicutas 

Vibration  tljnB  -  3  Diniites 

Curing  tlaa  -  4.  days  ainiaua 

Drying  tima  -  24  bours  •  220  ?;  24  bours  •  550  ? 


SPSClMEa'TU®  IHTSiV’Ai  AMPLITIJOE  HiSaUSaGI  «EiGHI 
KUMBEa  i  MIXIMO  TO  |  IH  iffi 

PMGEKEW  I 


NOrSi  Jatar  -  10^  by  weigrst 

Mixing  tipe  -  5  alr.utss 


Vibration  tlaa  -  3  ainutsa 
Guring  ti  3  -  4  days  airiauja 

ih-yir:g  tii9  -  24  tours  u  220  F;  24  tours  «.  5iC  f 


'ABLE  10  (CONT'D) 


2i:iCHT 

xc 

DENilTI 

BREASIKa 

KOOULUS 

REJiARKS 

IK  WATER 

OSAVITI 

fCRCE 

Of  aupruRE 

ms. 

lb3/f*0 

lbs* 

csl 

1917.7 

2.052 

126.04 

5CO 

225 

1915.0 

2.062 

123.67 

365 

199 

** 

" 

• 

thli  3apa,ratad  during  vibra¬ 
tion. 

1838.0 

^•OJ5 

126.93 

455 

341 

1909.0 

2*0';j9 

129.11 

ao 

303 

1904.0 

2*046 

127.67 

530 

U3 

Old  -ot  appear  to  react  to 
vibration* 

1339.0 

*.930 

123.55 

3bO 

370 

1903.0 

2.0.6 

127.67 

490 

366 

1954.C 

2.072 

1^9.  .-9 

.310 

**'3S 

1334.0 

4*047 

127.73 

130 

93 

1943.0 

2, 077 

129.60 

325 

244 

1915.0 

2.051 

127. 9B 

31 7 

231 

1S92.0 

2.C29 

126,61 

ICO 

150 

194C.0 

4.047 

127. 7 j 

530 

397 

1960.0 

2.073 

149.36 

310 

232 

i9l4«') 

^.*073 

129.36 

*73 

tC.0t 

2.055 

123*23 

145 

109 

1913.0 

2.092 

130.34 

220 

165 

504  of  top  3'*i'f,ac3  (lee 

r'srjarkj  -40) 

19«.o 

2.080 

130..7 

345 

..59 

1900.0 

2.048 

127.30 

215 

161 

1931.5 

2.071 

129.23 

290 

50;i  of  top  a’ATface  (cee 
r^riarks  -4Cj 

19o0.0 

2.080 

129.79 

24c 

IcO 

1940*0 

2.033 

129.93 

330 

248 

1938.5 

2.Q74 

129.42 

2l0 

130 

2.0S3 

129.96 

27C 

202 

2.C^7 

130.22 

145 

164 

Vib.  -  1.3  sin. 

im 

«:*'044. 

127.55 

235 

176 

Vifc,  -  2,0  nin. 

CQ 

<l> 


TABLE  10  (CCOT'D) 


SPECIKEN 

NDMBSi 


TIMS  II.IEKVAL 
HlXl^C  TO 
PLACEMENT 
_ nln. 


AMPLITUDE  PSE^UeNST 


in. 


ypB. 


WEXauT 
IN  AIK 


gas. 


•EICUT 
IN  UATSl 

gna. 


SPECIflC 

GRAVITI 


DENSIIS: 


BR£A£.IliG 

FQICE 


lbs. 


MCDl’LUS 
OF  KUPTURS 

psi 


KEMAMS 


IF. 1-115 
lF.1-116 
IF. 1-117 


1 

6 

1C 


0.0020 


28,900 


3753.7 

3736.5 

3754.0 


19a.O 

1936.0 

1911.0 


2.0faS 

2.075 

2.037 


129.04 

129.43 

127.11 


285 

235 

125 


2U 

176 

94 


Vib.  -  1.5  la-ln. 

-112  'ihru  -117  Aftsp  nix¬ 
ing,  iEat'l  Appssrsd  to  b* 
micb.  k-ettar  and  bad  s  grsj. 
ish  color  as  coaperad  to 
praoious  spsclmens. 


NOl'Ei  Mstar  -  lOJt  by  valght 

Mixing  tlsa  -  5  alnutes 
Vibration  tl»a  -  3  Blnutes 
Curing  tina  -  4  days  miniJiium 

Drying  tins  -  24  hours  *  220  F;  24  hours  •  550  ? 


YtT 


TABLE  11  DATA  Oil  PER  GEIiT  MIXIRG  ’./ATER  vs,  MODULUS  OF  RUPTIFi:  -  EXTERIIAL  YIBRATION 


(10,000  vpn  frsquency  and  0,0005  inch  amplitude) 


SPECIMEN 

WATER 

Tii'lE  Ii'.TEKViiL 

nEIUHI 

WEIGHT 

SPiCXFiG 

DiNSiTY 

BKi;*AKii'»u 

I'lODUijlio 

'NUMBER 

CONTENT 

MIXING  TO 
PLACEi'IENT 

IN  AIR 

IN  WATER 

GRi,yiTI 

FORGE 

0?  RUPTURE 

i 

min. 

gms. 

gms. 

Ibs/ft^ 

lbs. 

psi 

IF. 1-172 

10 

3346 

1697 

2.029 

llo.ol 

1  ■■  tL 

32.; 

IF, 1—175 

II 

3 

5696 

1898 

2.056 

126.29 

550 

L-X3 

IF. 1-174 

It 

8 

3653 

1850 

2.026 

17.6.42 

436 

329 

IF, 1-175 

9 

1 

5655 

1840 

2.025 

126.36 

59U 

41;.b 

IF. 1-176 

II 

/ 

0 

3627 

1836 

2.025 

•  a 

433 

IF. 1-177 

II 

11 

53^52 

15vU' 

1.9CS 

11 9 .06 

3  CO 

225 

R£«t*lhitKSs 

Specimen  tf-172. 

Material  for  this  Si-eciman  mixea  separately. 

Not  enoug 

h  material 

mixed 

to  completely  fill  mold. 

Specimens  y-173 

and  ;f-174.  iaterial  appeared  drier 

tuan  usual  after  mixing,  mixed 

an 

additional  five  minutes 

• 

Specimens  tf-175, 

;/-176,  anc  177.  Material  appeareu  extremely  dry  afte 

r  tiixing. 

Pockets 

of  dry,  umiixed 

material  found  in  the  bottom  0 

f  the 

mixer.  Tnis  was  scraped  loose  and  mixed  an  additional 

five 

minutes. 

Specimen  y-177. 

Vibratea  3»5  m. 

.nutes. 

:>pe2inen  wa 

3  extremely  dry  even 

after  vibr 

ation. 

I’latarial  did  not  flow  due  to  vibra 

tion  as  did  ,^revious 

specimens. 

NOTE:  Mixing  ti.-ne  -  5  ninutes 

Vibration  time  -  3  minutes 
Curing  time  -  4  days  minim'Jin 

Drying  time  -  24  hours  s.  220  F;  24  hours  w  550  F 


Page  115 


TABLE  12  DATA  ON  VIBRATION  TIME  TS.  DEIJSITI  AI®  MODULUS  OF  RUPTURE  -  EXTERNAL  VIBRATION 

(10,000  vpm  ftrequency  and  0,0005  inch  amplitude) 


S?ECn-SN 

TL'E  III'EF.VAL 

VIBRATION 

i'JEIGHT 

'.'SIGHT 

SrECIFIC 

DEi:SITY 

L^j.  s.JLuLl'b.XA  fLj 

MODULUS 

1TO1-B2R 

MOLING  TO 
PLACSi-IEITr 

TIl'iE 

IN  AIR 

GRAVITY 

FORCE 

OF  RUFTUPS 

min. 

min. 

gas. 

gas. 

lbs/ f 

lbs. 

DSi 

IF,l-l.:.i 

1 

1 

3642 

107  5 

2 . 061 

lOw.Ol 

/ 

321 

iF,l-l£2 

4 

It 

3637 

1865 

2.052 

126.04 

550 

39G 

l?.l-lo3 

7 

II 

3521 

lolQ 

2.050 

126.4^ 

464 

34^ 

■xi? 

1 

2 

3659 

1905 

2.006 

130.17 

7  t 

233 

lF.i-iC5 

2 

n 

3402 

1S02 

2.i:>6 

132,66 

347 

260 

iir,i—iu6 

9 

n 

3656 

1915 

.2.100 

131*  L'4 

p>0 

396 

U.l-ld? 

3 

3  . 

3643 

looO 

2 . 0  0:. 

126. S2 

IF.l-loo 

6 

li 

3609 

1  >-} 

4  •  ''j'^  j 

139.46 

Aj.oU 

^oC/ 

1F.1-1G9 

13 

ri 

3672 

190e 

129.92 

_ 

510 

3e3 

RS-IARKS: 

All  batches  appesTjci  dry  aftor  iiiitia.1  iibiin^,  i-Ub:od  aii  uddii/_^.i*.l  2  riU-nucjo, 
Specimen  i/-133.  Not  enough  'latei'lLil  io  complctoly  fill  riiold, 

Specicien  ?/-lS5,  Hot  i.iiatoi'lal  to  coa^.letol;-  fill  mold. 


NOTE:  '.I'ater  -  lOp  by  \/eight 

Mixing  time  -  5  minut.33. 

Curing  tLue  -  4  days  :iinijT.:,i. 

Drid.:!-  tiEO  -  24  hours  Q  220  ?|  24  hours  4  550  P, 
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TABLE  13  BATA  ON  FREQIIEKGY  vj.  DEIS  ITT  AND  EODULIE  OF  RUPTURE  -  IKTERiiAL  VIBRATION 


SPEOaffiH 

ireisa 

fDffi  IKTERflL 
KI2IHG  TC 
PLiCa-aiE 

nla. 

'/IBBJ.1I0N 

TDE 

n±n. 

jmgi’SiKi 

V 

WHUaxIT 

nr  m 

,-^J3  • 

W3IGHT 

IN’  '.I’AriS 

rrrs  » 

SPECIFIC 

CEA'/lir 

DEMSITI 

lbs/:'t3 

BRSAlIia 

FCRCS 

iba. 

KODULCS 

OF  KUFrms 

psi 

lF.l-133 

1 

5 

7,200 

33  ww 

1TC3 

1.943 

303 

229 

Air  'I' 1-7 'in  vil'V  .iov  visod- 

Littla  ixtlon 

IF. 1-134 

12 

5 

342o 

1612 

1.093 

118.44 

305 

229 

1F.1-U5 

16 

5 

n 

3525 

173U 

1.968 

944.40 

345 

2c^ 

lF.1-121 

2 

10,CC0 

3^''04 

1795 

1.994 

124.42 

330 

4;3 

'/lOTsticn  continu— 

lJ.1-122 

c 

2 

It 

3596 

1753 

1.951 

121.74 

370 

273 

orsly  dr::.j;ir::;  rotiorj 

li',1-123 

IS 

2 

B 

30^3 

1614 

1.992 

124.30 

420 

318 

.ijTti  in  [loll. 

lF.1-136 

1 

4 

14, 400 

3504 

1726 

1.960 

122.30 

260 

l'?5 

Good  :Lctl'r.  r.^twC.  Slow 

6 

5 

II 

3569 

17u7 

1.931 

123. ul 

330 

243 

'I'- J.,  ■ '’lO  '■'■■■otii’n  of  vibrstor 

il\l-i33 

K 

5 

II 

3527 

1731 

1.934 

122.55 

325 

— 

thru  r.ii:;  used. 

lF.1-139 

1 

3 

18,000 

33a 

1724 

1.949 

121.62 

205 

154 

Gopi  uctlar.  r.oted. 

lx  « 1-140 

6 

3 

« 

3566 

1765 

1.931 

123. ol 

3C-; 

229 

IF.l-liO. 

11 

3 

n 

3492 

167'-; 

1.920 

lac.ic 

305 

g 

iF.i-ia 

1 

3 

20 , 600 

3524 

1760 

1.996 

124.66 

2.;5 

169 

UoO'i  .xtl"');";.  Sluirii  r*  1.7.0 

IF. 1-143 

5 

3 

II 

34'70 

1'’30 

l.'9.4 

li4.43 

290 

210 

usjl  to  TTovc-nt  ■;Tcjr.tion. 

IF.l-LU 

11 

3 

3*43 

1741 

i.g^*? 

123.36 

fO.O 

IF.l-l.,; 

1 

3 

24,000 

3ai 

1.937 

120. S7 

175 

132 

Scijre,.  ■■  Lon  noted. 

1?,1-1,.6 

6 

2 

H 

3331 

1586 

1.911 

U9.23 

21C 

156 

1.41-U’’ 

10 

2 

II 

3447 

1712 

1.937 

123.99 

265 

I'S. 

XX  #  l*^liv3 

1 

2 

2S,CC0 

343'’ 

1667 

1.942 

la.io 

150 

113 

So.jr-3::  tion,  orretic  ection. 

1F.1-U9 

6 

2 

» 

3455 

1632 

1.949 

121.62 

150 

113 

IF.l-ljO 

! 

10 

2 

It 

3*X'6 

1645 

1.934 

120.68 

165 

124 

Uax..5;’  -  10$  b;- 
i'lixi-;  -  5  rdnut.i 
'.'Lbratlon  ci.  ,dAwu..j  -  'ArilcicvTi 
blno  -  4  a,:.;, -a  nlj'.iaun 

Dj'j'iiij  -  2«,  ac’jra  0  220  F;  24  hours  Q  550  I 


T/CLE 


3M  imSlVALl 
MIXIHi  TO  i 
fLAOiMSm 
min. 

VIBItATIOi} 

TDIS 

min. 

iliSiUSlCl 

VpE. 

•  VSIGHT 
IH  AIR  ' 

pas. 

'«IGHT 
IN  WATER 

gas. 

1 

2 

3,600 

3639 

ia,u 

1F.1-Iy2 

5 

2 

n 

3561 

1810 

IF. 1-153 

9 

2 

ti 

3623 

1335 

l^.l-lSl 

1 

2 

7,200 

3591 

1815 

IF. 1-155 

4 

2 

■ 

3644 

1340 

IP.  1-156 

7 

2 

a 

3625 

1325 

IF. 1-157 

1 

2 

3441 

1659 

;1F.1-153 

4 

2 

" 

3393 

1601 

li’.l-lij? 

7 

2 

R 

3554 

1785 

lP.1-160 

1 

2 

12,000 

3616 

1794 

IP.l-lbl 

4 

2 

R 

3581  ! 

1776 

ili'.  1-162 

7 

2 

n 

3660  ! 

1R67 

lF.1-163 

1 

2 

15,000 

3588 

1802 

IF.I-I64 

4 

2 

n 

3510 

1708 

IF. 1-165 

1 

7 

1 

2 

R 

3568 

1 

1773 

KOTEi  Mc-ter  -  10%  by  weight 
I  lising  tiae  -  5  nicutea 
Vibration  aaplittaic  -  unl-aiown 
C'uring  tir'.ie  -  4  days  laLniEuia 


13  (GOIvT'D) 


TABLE  14 


DATA  OH  VACUUM  MSEJG  AID  iKCERKAL  VIBRATIOH  VS.  MODULUS  OF  RUPTURE 
(10,000  vpm  freq^uency  and  0.000?  Inch  amplitude) 


J - 

j  SPECIMEN 

MIXED 

VIBRATED 

WEIGfHT 

WEIGHT 

SPECIFIC 

DENSITY 

MODULUS 

IN  AIR 

(HAVITY 

OF  RUPTURE 

gms. 

gms. 

lbs/ft3 

psi 

1F.1-19C^ 

In  vacuum 

In  air 

3691 

1891 

2.050 

127.92 

360 

IF.  1-191* 

Tl 

If 

3635 

1882 

2.074 

129.42 

477 

IF. 1-194* 

In  vacuum 

In  vacuum 

3595 

1835 

2.043 

127.48 

312 

IF. 1-197* 

ff 

tl 

3565 

1781 

2.000 

124.80 

259 

IF. 1-200 

In  air 

In  air 

3789 

1954 

2.065 

128.0 

747 

IF.  1-201 

M 

IT 

3736 

1900 

2.035 

127.0 

548 

IF. 1-202 

ir 

li 

3794 

1990 

2.100 

131.0 

629 

IF. 1-203 

In  vacuum 

In  air 

3796 

1959 

2.065 

128.0 

749 

IF. 1-204 

n 

II 

3845 

1997 

2.080 

130.0 

814 

IF. 1-205 

ft 

H 

3787 

1959 

2.075 

129.5 

574 

IF. 1-206 

In  air 

In  vacuum 

3783 

1928 

2,040 

127.5 

IF. 1-207 

It 

ir 

3729 

1968 

2.000 

125.0 

152 

IF. 1-208 

II 

II 

3767 

1947 

2.070 

128.5 

577 

1F.1-206r 

In  air 

In  vacuum 

3804 

2008 

2.195 

137.0 

666 

1F.1-207R 

t» 

If 

3808 

2080 

2.205 

138,0 

574 

lF.l-20aR 

If 

II 

3787 

2022 

2.200 

137.5 

500 

IF. 1-209 

In  vacuum 

In  vacuum 

3828 

2050 

2.155 

134.5 

749 

IF, 1-210 

n 

n 

38^ 

2023 

2.120 

132.5 

472 

IF.  1-211 

n 

II 

3833 

2020 

2,110 

132.0 

472 

REMARKS;  All  specimens  made  using  3.5  pounds  of  dry  material  with  .76?  pounds  (9^&)  water,  *(10^) 
All  specimens  were  placed  in  one  minute  or  less  after  mixing,  *2  minutes,  197  was  3  xain. 
Mixing  time  of  3  minutes  and  vibrating  time  of  2  minutes  used,  *5  min,  and  1  min, 

A  vacuum  of  21,5  Inches  of  mercury  or  better  was  used. 

*These  specimens  were  from  a  different  batch  than  the  -200  series. 

NOTE;  Curing  time  -  4  days  minimum 

Dry  time  -  2k  hours  ®  220  F;  24  hours  at  550  F. 
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S^eClMCN 

AOftncaATC 

AMO 

■  IMDCK 

! 

MIX  INS 

:  VATCN 

% 

SLACCMIMT 

rccMN<au( 

cuaiNO 

Amo 

ORTIflS 

avoeeDURC 

DRYIMfl 

sizr 

CHANSi 

% 

U.1-4 

'iTi  Hralca- 

50 

Cast 

43  bra.  at  H.7. 

-0.11 

-■n 

3;licAt« 

-0.07 

.6 

(light  w«ij;ht) 

'  1  slDUta  - 

-0.03 

-7 

ploa 

.  TUaratlctt  tia-* 

24  hra.  at  22Cr 

43'^  CalcLuci 

" 

0 

-9 

Al<»inAtM 

n 

-0.06 

-1^ 

N 

-0,02 

-11 

-0,C8 

iB.;^ 

"llica 

fc4.5 

Cast 

43  hr*,  at  a.T. 

-0.25 

-5 

-0.33 

-€ 

pluj 

1  minirts  - 

24  hra.  at  220F 

-0.^4 

-7 

Caleium 

" 

'irlbratioo  fciae 

_n.  ?4 

-0 

* 

-0.i6 

-a 

1 

-0.31 

1C.  1-4. 

Alunlrui  5ilieat« 

u 

Cast 

24  hrs.  at  F.T. 

-0.10 

plus 

" 

-0.10 

-6 

UnicTTua  Sindsr 

1  Blnute  - 

24  hrs.  at  22CT 

-o.u 

-7 

vtiaratlon  tiffis 

-0.06 

-S.13 

-9 

n 

-0,13 

-ID 

-0.32 

-i: 

" 

-0.06 

113.1-4 

AliFslTia  sad 

40 

Cast 

12  hra.  at  R.T. 

/O.vl 

-5 

SUics 

-0,06' 

-6 

plus 

1  sinuts 

16  hra.  at  JZOF 

-0,06 

-7 

Cf^lpluD  Alivilr>&t« 

TlbratloQ  tljas 

-0.01 

-0,09 

-0.'34 

IE, 1-4 

Mvmim,  and 

15 

Cast 

12  hra.  at  R,T. 

-3.11 

-o.oa 

-6 

plus 

1.1  Bflnatsa 

24  hrs.  at  220F 

-0.03 

-7 

CmloFua  AluBlruit« 

▼Ibratlcm  tias 

/O.Ol 

-0 

-0, 13 

-Q 

" 

-O.U 

lE.1-4 

Ki  Alxsalna 

Q 

Cast 

12  ars.  at  R.t, 

-0.06 

-5 

plm 

-0.<B 

-6 

lalclxBf.  Alisnliiftt* 

1  eciouta 

24  hrs.  at  220f 

-o.c: 

-7 

wihratlom  tlea 

-0.C6 

-a 

-^.04 

-9 

” 

-0.03 

:c:.i-4 

Altar  ina  and 

13 

Cast 

12  hra.  at  R.T. 

/0.06 

Sllira 

-6 

plus 

I  loiauta 

24  hrs,  at  220F 

-0,03 

-7 

Caleltan  lltKlnata 

•t 

Tlbrstlon  tljra 

-0.10 

-3 

-0.10 

-9 

-0,C9 

m.1-4 

Alufflna  and 

50 

Cast 

12  hrs.  it  R.T. 

-C.12 

-5 

Silica 

« 

-0.03 

plus 

* 

0.3  Diifiutas 

24  hrs.  at  220F 

-C.04 

-7  ; 

Calclua  Aluoinatit 

'olbratlon  ti*© 

-0.13 

-a 

M 

-0.12 

-9 

-0.10 

-4? 

-9 


PHISICAL  PEOPEilTIHS 


WOOUL-US  Of  NU^TUMC 


F. 

&iZI 

CHANaC 

% 

FSI 

Fit 

4BS/FT* 

FiMISN 

206 

76 

1 

Effloraacancs  noted . 

. 

199 

• 

I 

1200 

—0 . 43 

31 

- 

» 

1 

Cracks  noted  on  surfacs  aTtar 

» 

-G,44 

102 

- 

2 

firing  at  12:0f  on  Spadjosns 

2000 

-0.42 

72 

- 

72 

1 

-6  and  -7. 

If 

-0.50 

76 

.. 

1 

Cracks  notad  In  opeoiasns  -3 

» 

-0.43 

« 

thru  -11  iftar  firta?  to  2'-iLyiF. 

N 

- 

« 

•arokan  daring  fiarr-aca  loading. 

_ 

16? 

6/. 

2 

Eff  Icrraseenca  notad. 

« 

167 

• 

1750 

-1.51 

lJ4 

- 

53 

i 

n 

-1.51 

104 

59 

2 

s 

-1.71 

- 

w 

53 

- 

n 

-1.6a 

- 

70 

33 

- 

925 

r. 

4 

. 

a29 

127 

4 

1200 

-0.33 

7v9 

- 

U9 

4 

w 

-0.24 

729 

- 

119 

4 

1750 

-0.43 

569 

• 

113 

4 

■ 

-0.47 

569 

- 

117 

4 

» 

-0,33 

. 

422 

m 

- 

w 

-0.21 

" 

179 

- 

^45 

_ 

35 

Speclaans  badly  diatortad  after 

- 

- 

263 

- 

3 

firing. 

2400 

- 

v99 

- 

73 

5 

IT 

- 

747 

- 

77 

5 

■ 

- 

- 

85 

73 

" 

- 

- 

- 

79 

- 

_ 

495 

119 

1 

Vibrating  Tiirrfj  ninuto#. 

- 

- 

536 

- 

m 

2 

2200 

-0,16 

33? 

_ 

u? 

2 

m 

-0.24 

291 

110 

2 

9 

-0,22 

- 

229 

124 

- 

« 

-0.22 

- 

272 

U4 

- 

925 

U4 

1 

B47 

- 

144 

2 

2400 

-0,63 

1240 

_ 

137 

1 

m 

-0.67 

!!Ci6 

- 

136 

1 

m 

-0.67 

399 

137 

- 

n 

-0.63 

61C 

137 

“ 

_ 

593 

110 

1 

. 

623 

a 

1 

1230 

-0.13 

>98 

- 

« 

1 

■ 

-0.26 

379 

. 

1 

m 

-0.27 

259 

-0.17 

259 

- 

116 

72 

2 

Saparatlon  not»d.  S-jrr'aca 

. 

. 

10 

. 

a 

1 

Finish  oa  all  Spacleana  was 

2-000 

-0.5? 

94 

- 

68 

2 

3ai]d/. 

n 

-0.69 

:.24 

.. 

n 

2 

• 

-0.62 

_ 

67 

« 

. 

> 

-0.59 

67 

TABIE  15  (COliT'D) 


1 - 

— 

1  IKXIHS 

1  ware  A 
% 

1 

ALACSMEHr 

TCCHNIQUC 

1 

CUKIHA 

AMD 

DAY1  M« 

AAOCCDUAt 

DRY  IMA 

Size 

CHANtC 

% 

AiRiaa 

TI«,«,TU« 

F. 

FIRINA 

Size 

CHANAC 

% 

Moauuus  OF  ROPTUAi 

DENSITY 

lss/ft’ 

tUAFACC 

F  INI  AM 

AAMANKf 

SPCCiMCM 

HUMIfM 

jeeACfiATK 

ANO 

•  IMOfA 

AT  RT- 

PSI 

AT  2000  P 

P*-? 

HI  ikbralaa 

15 

Oast 

-C.'33 

. 

U2 

. 

123 

4 

-5 

plas 

" 

0 

• 

- 

100 

- 

a 

4 

-6 

Calc  lies  41umiBAt» 

1  ml ante 

16  hrs.  «t  220f' 

♦0.01 

12CX) 

-0.11 

104 

- 

F 

7 

_7 

» 

Tlbrstioa  tiaa 

■^0*02 

n 

-0.09 

104 

- 

• 

6 

H 

♦0.01 

2400 

-0.76 

510 

- 

120 

10 

-9 

9 

♦0.04 

a 

-0.70 

492 

121 

10 

-IC 

m 

♦0.01 

s 

-0.67 

- 

212 

120 

- 

-11 

♦0.01 

9 

-0.71 

- 

315 

119 

- 

IK.1-4 

nluslna  osd 

20 

Cast 

-C.39 

_ 

334 

- 

no 

2 

’•Spaelffisaa  hmdlj  dlatart«d  ofttr 

-5 

Silica 

-0.33 

- 

- 

323 

- 

■ 

4 

fix  Leg. 

-6 

pliij 

1  miaiite 

16  hrs.  .t  220P 

-0.31 

2400 

• 

1202 

- 

» 

4 

-7 

CalciuB  Alusaiiiata 

» 

Tibratiou  tisa 

-0.22 

" 

F 

1261 

- 

» 

3 

» 

-0,31 

A 

• 

- 

271 

• 

- 

-9 

n. 

-0,32 

n 

* 

- 

229 

• 

- 

IL, 1-4 

Al'anina  and 

55 

Cast 

12  hr*,  at  H.T. 

-0.13 

112 

63 

2 

All  SpAciiMSS  a  sandy 

-5 

Silica 

-0.27 

- 

- 

100 

" 

3 

Surfflica  ?lniah. 

-6 

plus 

1  minute 

24  hrs.  at  220? 

-0.13 

1200 

-0,72 

93 

« 

3 

-7 

Calcl-m  Alijninata 

vlbrmttcfi  tljse 

-0.10 

* 

-0.74 

93 

- 

3 

-0,27 

2000 

-1.01 

115 

2 

-9 

-0.27 

n 

-1.14 

U1 

- 

" 

2 

-10 

-0.22 

fl 

-1.03 

. 

-11 

-0.26 

Y 

-1.16 

- 

66 

n 

- 

Cbrcn-? 

7.15 

Cast 

24  hra,  at  P..T. 

-0.17 

ms 

_ 

133 

5 

-5 

P^fractorj 

ir 

-0,09 

• 

. 

926 

.. 

137 

5 

-6 

plus 

m 

1  mlouts 

hra.  at  220? 

-0.04 

2500 

-0.22 

1605 

.. 

179 

-7 

CalcltsB  Al\siiaat« 

vibration  tlM 

-0.12 

f 

-0.26 

1379 

- 

130 

5 

n 

-0.19 

" 

-0.32 

- 

129 

• 

a 

-0.14 

* 

-0.22 

- 

74 

n 

" 

51^,  Alumina 

36 

Cast 

24  hrs.  at  R.T . 

-0.C7 

274 

35 

1 

EffloTAscancA  noted. 

-S 

t'?*  SU'.o 

-C.J7 

. 

265 

- 

i 

—I 

plus 

1  cBiriiu*a 

24  hra.  at  220F 

-2,01 

2400 

-1.37 

US 

73 

2 

_7 

Calcl'ja  Al-rinats 

TlbraticB  tins 

-0,04 

-1.37 

306 

- 

77 

2 

-a 

n 

-0.05 

-1.36 

- 

144 

77 

- 

-9 

-0,01 

r 

-1.36 

37 

33 

- 

IP, 1-4 

Cnknovn 

33.4 

Cast 

24  hrs,  at  R.T. 

-0.10 

135 

93 

4 

Sandy.  Difrieult  to  Vibrate. 

-5 

" 

-0.177 

- 

- 

144 

. 

93 

4 

-6 

11 

1  lalzsute 

24  hra.  at  22CP 

-0.10 

17  W 

-0.51 

33 

- 

-37 

5 

-7 

▼ibratten  tiao 

n 

-C.47 

33 

. 

37 

5 

-0.09 

If 

-C.51 

• 

26 

37 

— 

•* 

-0.07 

« 

-0.4S 

- 

J7 

87 

- 

3A,l-4 

Aluffiina  ^ni 

11 

Cast 

24  hra.  at  P..T. 

♦C.04 

1201 

. 

U6 

1 

SxrtP'^iaely’  large  asrgrefate. 

-5 

•vtliCA 

m 

*O.C59 

• 

- 

1220 

• 

1 

«3tliaBt«d  to  b9  apjiTJx, 

ql'is 

I  SiQUtS 

24  hrs*  at  220? 

^.C4 

2250 

-o.(a 

709 

127 

3 

-7 

Calei'ir.  Alualnata 

vibration  tine 

‘0.03 

n 

-0.06 

729 

2 

-S 

-0.CS4 

s 

-0.10 

. 

399 

• 

. 

♦0.12 

-O.Cl 

- 

492 

- 

23.1-4 

Flln*.  Ftrecln/ 

15-5 

Cast 

24  hrs.  at  R.T, 

0 

_ 

!?<. 

1.1C 

4 

♦Hslted  In  firlag. 

-5 

rlos 

" 

-O.Ql 

- 

. 

444 

- 

m 

3 

-.6 

Caleiiim  Aluacicata 

ir 

1  riauta 

16  hrs.  at  22C? 

♦0.01 

2500 

• 

• 

- 

«. 

If 

vibration  tism 

*0.10 

s 

• 

_ 

2. 

-8 

♦0.12 

» 

« 

-q 

♦0.23 

F 

t 

• 
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•  RfO'MCM 

Nvaten 

AND 

■  INOU 

VlX<N« 

WATIR 

% 

T  '  ' 

ei^ACrHCHT 

recHMiQui 

CUNIND 

AND 

ORTiaa 

mnocouNf 

2C.1-4 

Tllnt  Fireclay 

23 

Cast 

24  hrs.  at  R.T, 

-9 

plus 

-6 

Calcium  ilrainata 

1  minute 

24  hr*,  at  220F 

-7 

• 

« 

rlbratloD  tla» 

-a 

« 

-9 

20  Bin.  (raax.) 

Plac-mect  Tlae 

213.1-4 

Onknmm 

12 

C«9t 

24  hr..  »t  R.T. 

-9 

■ 

S 

■ 

1.5  mimitea 

24  hr.,  »t  223J'i 

-7 

plua 

■ 

Tlbration  time 

-a 

CalciuB  lIuBiant^ 

R 

-9 

n 

30  33in.  ima^] 

PlacsE-nt  Time 

21.1-4 

V«TTiicmll^ 

im 

i^jddlad  by 

24  hra.  at  R.T. 

-5 

olus 

n 

hafri  ■ 

-6 

Orinoim  Blodar 

s 

24  bra.  at  220F 

_7 

* 

» 

30  sdn.  (tsar.) 

_0 

■ 

Placi*iB8Dt  tiae 

21-. 1-4 

IJBlEncvn 

47 

Cast 

24  hrs.  at  S.f. 

-9 

■ 

43 

■ 

1  odnuta 

24  hrs.  at  220P 

-7 

rihration  tIjB» 

n 

-T 

n 

20  Bin.  tBseuc.) 

• 

Tlacsfiarst  Tijaa 

20.1-4 

Firs-clajr 

15 

Cast 

24  hra.  at  R.T. 

-5 

pllM 

" 

-6 

CaleluD  Alwilnata 

A 

1  minute 

43  hr..  «t  a20F 

-7 

» 

a 

-9 

V 

20  clc.  (nasc.) 

-- j 

" 

?lae*nreftt  Tijw 

-11 

2J.1- 

tabular  Alumina 

plua 

(Packed  ready 

Phoaphoris  Arid 

for  placement) 

XA.I-4 

Calein«td  Kaolin 

54 

Cast 

-9 

plu3 

-6 

Portia  od  Caicant 

1  minute 

24  hra.  at  220r 

-7 

▼Ibratlon  time 

•• 

.0 

R 

30  nin.  'max.) 

Placement  Tlae 

3B.1_1 

Calclaad  Kaolin 

60 

Cast 

43  hre.  at  R.T, 

—4 

ol'ua 

55 

-5 

CalcliES  Alunlzoata 

R 

1  minute 

16  hr*,  at  22CfF 

-6 

Tlbratlon  tljce 

-9 

N 

30  min.  (max. ) 

Plmcameat  Time 

DRYfita 

»IZI 

CHAMtf 

% 


♦0.14 

*0.03 

♦0.11 

♦0.17 

♦0.17 

♦o.cr 


fcoo^>op  i5ot5t55c5<5{5  i5f5i5<5'St5 

sckbbs  abggfca 
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c 

-5 

tjIus 

" 

*:  .Cl 

-6 

lAlclurt  ll’ciitsata 

* 

1  Eimita 

24  hr 3.  St  22  "F 

-c.ox 

" 

♦'IbrailoB  liaw 

•c.oi 

• 

-0.02 

‘C.03 

650,  ■’,-4 

AlijEina  and  Silica 

15.5 

Cau*. 

24  hrs.  at  ?.,T. 

-0  24 

rlua 

-0.22 

Oalcli^  .U-^riMta 

1  aiiTjta 

24  nra.  at  22CF 

-<o.?o 

^7 

» 

rlbratiSB 

-0.36 

" 

-0.25 

-9 

" 

-0.2? 

-OA.l-I 

7-Jni^ 

16 

Cast 

24  hra.  at  R.T. 

-0.07 

-0.15 

-c 

1  ElfTUtB 

24  hrs.  at  220F 

-0,0? 

n 

vibratisti  tor* 

-C.12 

_s 

•O 

-C.13 

ymA'A 

Al*^tna  arvf  Si'lca 

10 

Jut 

24  hra-  St  a.T. 

*C.03 

pl^os 

-0.02 

-6 

Calci'MBs 

1  sinutt 

24  hrs.  at  220r 

‘C.Ol 

-7 

‘ 

Tibratisn  t,lara 

*0.02 

•A...r4 

.0 

* 

••C.’06 

700.1-4 

ilucsica  ! 

i: 

Oast 

24  hrs.  St  R.T. 

-0.16 

plus  1 

" 

-0.21 

-/5 

Onkftowti 

1  rlimta 

24  hrs.  at  220F 

-c-,:7 

! 

" 

ribr«itlon  tia# 

—3 

tt 

—0,02 

-9 

1 

I"  rln, 

-0.12 

■ 

Plafi*»wnt  riass 

LC  L 


TABIE  15  (GONT'D) 


trtCiMEK 

NyMMK 

A9e»r9ArK 

AMD 

•  tNOCH 

««X>M 

iMTCS 

% 

aLACCMINT 

TECKNIOUI 

euNine 

AND 

oeviNS 

snoctouAi 

DKYine 

aizt 

CMawit 

% 

siaiite 

TlMrCMATUIVf 

a, 

finiNS 

size 

CMANSI 

% 

■soeutus  Of  aufTuac 

DCNIITT 

L#S/'fT» 

tUNfACr 

fiNlIM 

aeMAAxt 

AT  a.r, 

ASr 

ar  aooof 

HI  llxajiM 

Ha£xr«d 

1500 

Material  bsd  set  up  in  ha.;. 

plus 

. 

-6 

Phosphoric  Acid 

• 

- 

2500 

_Q 

fl 

-13 

a 

_ 

-u 

a 

- 

- 

715.1-4 

Hi  Alumina  plus 

3 

Cast 

24  hri.  at  3.7. 

-0.04 

_ 

_ 

2331 

179 

2 

SpaclJD»n9  mixad  om  at  a  tine  fca* 

-5 

eslclm  alumLnat^ 

■ 

-0.01 

.. 

- 

2313 

- 

2 

2  sin.  The  -A  and  -Hz  data,  new 

-5R1 

loco 

1430 

A 

3 

batebp  ware  obtained  too  late 

-5rt2 

-0.10 

1390 

n 

2 

(lL-3C46w)  for  caoplete  eealaatioB,. 

•» 

- 

" 

- 

955 

- 

K 

2 

-6 

■ 

L  ainuta 

24  hrs.  at  220r 

-C.C3 

2500 

« 

- 

. 

- 

•lost  in  firing. 

-7 

(t 

Tj-lbratlaD  tla» 

-C.05 

" 

-0.33 

2072 

- 

165 

2 

-IS 

-0.r0l 

-0,64 

241:0 

2BOO 

- 

3 

* 

5  BJn.  (max. ) 

-0.'37 

-o.gi 

304C 

1300 

- 

2 

-3a 

PlacemeTit  Ties 

■ 

-0.53 

IS  00 

- 

- 

72A.:-4 

Flint  Piraclay 

17 

Cast 

24  hra.  at  R.T. 

-0.02 

- 

315 

.119 

2 

Surface  iiniah  cn  all  apecLnens 

-5 

plus 

-0.02 

. 

- 

363 

a 

1 

was  sandp. 

-6 

Calcium  jU’Aloatt 

■ 

1  alnute 

24  hrs,  at  220P 

0 

2000 

-C.19 

59 

- 

lU 

2 

-7 

■ 

Tibrattcn  tljni 

*C.Q2 

a 

-0.21 

59 

- 

2 

-a 

* 

-0,01 

R  . 

-0.26 

. 

76 

n 

. 

-9 

-0.02 

■ 

-C.25 

- 

37 

SU.l-^ 

Patalit#  pl’4i 

12.63 

Cast 

24  hra.  at  R.7. 

*.02 

. 

735 

121 

2 

-5 

Caicl®  Al-winatc 

1  Mlnuta  . 

*.02 

. 

334 

_ 

121 

2 

-4 

Vlhratlcn  Ttaa 

24  hrs.  at  220F 

♦.M 

2000 

-.CO 

554 

114 

1 

-7 

*,06 

-.04 

672 

. 

2 

-a 

*.06 

■ 

-,C8 

620 

lU 

1 

-9 

*.03  ' 

-.09 

655 

lU 

I 

Slrcon  CcoBnt 

7 

Cast 

24  hrs.  at  H.X. 

*0,06 

359 

_ 

192 

2 

•Flee*  nissiag  fron  brick. 

-5 

*C.12 

- 

. 

333 

- 

2 

-6 

1  nlnute 

Z4  hTf,  at  220r 

*0.1? 

2000 

-0.76 

315 

- 

191 

5 

Tibratlan  time 

•0.(33 

" 

-C.32 

294 

. 

* 

6 

-9 

60-9C  rtc. 

*0.10 

-C.63 

52 

133* 

- 

-9 

Pl*c9"wnt  Time 

•0.C3 

■ 

-0.33 

- 

66 

190 

- 

95A.X 

0A^5  C.lciur 

Materl.ni  not  cast. 

Aliarinat#  Carant 

96«.l 

falmlar  A 1  tap  In** 

f'uitej't'v.l  oaat. 

Zirconium  Silicate 

i.7 

Cast 

12  hr#,  at  H.T, 

*0.01 

636 

177 

2 

JDecl4»f;9  taixad  one  at  a  tiae. 

-5 

plus  unknown 

■* 

1  sricuta 

*0.01 

- 

. 

651 

. 

N 

3 

:^o  flrinK  reauirsd. 

vibration 

-0.02 

_ 

- 

. 

?6 

« 

_ 

-7 

15  mlo.  (rji?;.  ] 

*0.02 

„ 

i'’9 

** 

_ 

PUcOT»ot  Tiara 

aas.i-i 

Sirtoal.KB  3illcat« 

Norn 

Oast 

-C.13 

- 

77? 

- 

127 

5 

Mix^d  <3:e  at  a  tlaia  for  fl’wi  '‘S) 

-5 

plus  unknown 

-0.11 

• 

_ 

6i? 

» 

" 

■  5 

ainutea,  M,atariai  is  tr.in. 

-6 

1  minute 

-0.12 

2000 

•• 

1324 

. 

U5 

-7 

rtbratloR  tiae 

-C.il 

a 

#• 

169S 

- 

114 

•BroKen  In  ofirn. 

-9 

KJj;  or.4  nit). 

-0.05 

" 

•• 

- 

« 

* 

- 

-9 

-O.li 

« 

•« 

“ 

179 

n 

••Dicts^ted  la  rirlotf. 

TABLE  15  (COUT'D) 


SnciHKN 

RUMIIII 

ANO 

■(fforji 

MIKiMt 

WATCR 

% 

ALACCHCNT 

rCSHNlOUI 

CURIN4 

AMP 

onrm^ 

RROCCDURt 

0«V>Nf 

Sizt 

tMAHai 

riR>N« 

rtnsfRAryac 

F. 

— 

Fimirp 

St2l 

ciiANac 

% 

MODuuua  OF  flurruFi 

DCNiirv 

L88/FT* 

fUAFACC 

FIMIIH 

atMARKf 

Af  A  T. 

PS1 

AT  20OPF. 

P»» 

9.5 

Cast 

24  Isra.  at  R.T. 

-c.n 

927 

159 

3 

-5 

"?«U3dt« 

■ 

-C.C7 

- 

- 

1C25 

- 

4 

GOt-eG  wit.-v.G  ’2  ;.oiirs  li- .jr  -JasGin^;. 

-t. 

plujs 

" 

1  nlBUt* 

24  hrs.  at  220P 

-O.U 

1500 

416 

- 

153 

4 

-7 

Calcium  ll'^icate 

« 

vlbraticn  tLs* 

-.0.(77 

•* 

-O.D 

393 

- 

■ 

4 

■ 

30  min. 

-0,09 

"  . 

-0.D6 

259 

" 

- 

Cvasnate  ifro;*.  a  tfcia  i  i  surface 

Plaaemant  Tim* 

-0.12 

-:-a6 

" 

272 

“ 

layer. 

Crushsd  Fir*  Brick 

16.5 

Cast 

24  hrs.  at  H.T. 

-c.crr 

749 

127 

2 

-5 

plUA 

-C.13 

- 

. 

333 

» 

3 

-t; 

C9l::i>jF  ilmliiata 

24  »».  at  J20F 

-0.24 

1700 

-0.52 

669 

117 

3 

-7 

’ 

-0.23 

* 

-0. 54 

629 

3 

-f..  7 

-G.49 

2U 

.o 

' 

-0.16 

" 

•O.U 

- 

292 

- 

• 

1021*1- i 

^tknowTi 

15.2 

Cast 

24  hrs.  at  R.Ta 

-0,04 

271 

122 

3 

•Hroken 

-O.Cl 

- 

- 

259 

- 

121 

2 

-6 

" 

1  mlmxte 

24  hr a.  at  220r 

-C,05 

25CC 

-0.03 

1729 

. 

U3 

2 

-7 

vihrntlon  tin* 

♦O.Cl 

n 

*0.03 

2131 

- 

119 

2 

-3 

fl 

*n,13  ■ 

• 

259 

U3 

.<5 

-O.Bl 

n 

* 

- 

-  • 

113 

- 

1C3A.1-4 

Al'JSiDS 

3.5 

Cast 

24  hrs,  at  B.T. 

*0.24 

600 

-C.IS 

2494 

170 

9 

R«*0'Vc  froQ  i2<l3  for  aiff*. 

-5 

plus 

"I 

PL'^eed 

♦0.13 

" 

2357 

- 

170 

9 

•J'. 

Phosphsrlc  Acid 

H 

No  Tibrstloc 

24*  hrs.  at  220r 

♦O.U 

-0.01 

■^69 

169 

- 

.7 

" 

♦0,09 

" 

.0.C7 

a. 

7-3S 

171 

- 

-3 

" 

Cs*  r.o  oiolsturs 

*0,23 

1000 

*0,C1 

2623 

- 

167 

9 

for  R,T. 

♦0.C8 

n 

-0,0s 

2405 

167 

9 

-IC 

• 

♦C . 05  • 

" 

-0.03  ■ 

=54 

167 

• 

-11 

*0.09 

n 

-0,06 

- 

1165 

163 

* 

1:81*1-40 

kl'JST.inA  pl'JS 

4.2 

Cast 

24  hrs.  -it  R.T. 

-0.01 

3210 

2 

TJ.in  rntariai  vibrati:>n  casta 

-41 

FhPiphario  Aeil 

1 

24  hrs.  at  250f 

-0.  07 

3210 

*1 

« 

3 

aatiafictsrily. 

-42 

Tihration 

-B.J} 

« 

3  WO 

- 

2 

time 

0.00 

1000 

:k6o 

- 

- 

2 

aatUibUshed  U-29-60. 

— 4 

— u.  04 

-0.36 

3310 

• 

2 

-4? 

" 

-C.73 

-C.c3 

2350 

- 

3 

Aliar.inja 

Nog* 

Haeno^i 

24  hrs.  at  R.T, 

6CC> 

•Bremen  In  fternacfl. 

plus 

*0.19 

2401 

3 

All jspaclxans  fraijlle  -  t'ata  aissii^ 

-iS 

?hP!iphorl.c  Acid 

(Packad  wadT- 

24  hrs.  at  2S0F 

" 

irfaa  lEfosslblffl  to-datarplG'' 

-7 

for  PUo*is#nt) 

* 

1000 

II 

♦o.u 

173  <5 

- 

3 

-i: 

11 

lcm.l-4 

^''umina 

<3 

Cast 

.■)4  lirs.  at  B.T. 

•(T,« 

. 

. 

1316 

. 

169 

5 

?,«coaB«nd«d  for  xise  in  rsKtuclnr 

plus 

" 

-O.'V; 

- 

- 

1221 

- 

4 

atcospbares. 

Calclun  Alusninata 

" 

1  clnut# 

24  hrs.  at  2.20F 

-0.05 

500 

-O.U 

1643 

- 

159 

■]! 

-7 

*■ 

7i>irA*.Lon  ttee 

-o.ck 

* 

-C.12 

2245 

- 

158 

2 

■ 

-0.05 

liX-0 

-C,15 

1391 

- 

156 

3 

_7 

" 

3"  ala. 

-O.C5 

N 

-0.13 

155  c 

. 

" 

3 

-If 

N 

riaceinBnt  Time 

C 

rr 

5«6 

■ 

-11 

II 

*0.05 

» 

-0,13 

_ 

629 

» 

Page  133 


TABIE  15  (CONT'D) 


I 

— 

— 

HQD^tUS  OP  N^rruiic 

SPCGIMK« 

1  «66NC9a^C 

Muiaa 

a^aciHCMT 

cuRiea 

DRVIMS 

F)RtNi 

fiRtWG 

*r  XT 

AT  2000  P. 

DCNAtTV 

fUPPACC 

aCMAAKA 

MUMII* 

!  AMO 

WATIR 

rCCKRltfUl 

*NP 

tiZK 

riMecNeTyiK 

sat 

PINPEH 

■mocii 

CHA«MC 

eNANAE 

% 

enGCiBuei 

% 

r 

% 

P9I 

Lss^rf* 

llU.1-4 

Calcined  Klssourl 

U 

Cast 

14  ^s.  K*'r. 

-0.03 

. 

_ 

327 

136 

1 

Flint.  C1a7  RBd 

** 

-0.01 

• 

. 

1 

-6 

Cftlciaed  Altslaa 

1  slnut« 

24  hr#,  at  220? 

*C.01 

15:0 

-C.12 

7B3 

. 

132 

2 

-7 

T^ltui 

rlbratloa  tl» 

-0.01 

m 

-Q.U 

749 

«. 

« 

2 

-3 

Calci'A  Aluailzuta 

-0.01 

" 

-0.12 

_ 

359 

• 

w 

" 

-O.iO 

- 

333 

• 

- 

U5A,l-a 

Aluaiiaa 

5.4 

HaaBMd 

IM  hra.  a^  R.I. 

*0.11 

396 

152 

6 

Heeds  little  reutaaln^  -  crrer -raasaJng 

-4 

plus 

*0.022 

- 

- 

331 

- 

e 

6 

causes  mt^rtal  tn  becsaae  iollj-lJJea. 

-5 

CeleluB  AIiad.ae.te 

24  hrs.  at  220? 

*0.083 

1500 

-0.04 

262 

.. 

147 

6 

-6 

■ 

*0.017 

* 

-0.10 

255 

- 

U5 

6 

-7 

" 

♦0,M5 

2500 

*0.35 

366 

«• 

■ 

4 

j 

" 

*0.023 

*0.73 

324 

- 

n 

1 

-9 

" 

0.00 

• 

•C  ,79 

- 

3U 

r 

4 

f 

-1C 

" 

♦0.033 

• 

♦C.32 

- 

455 

* 

*• 

I 

122A.1-4 

Fused  Silica  plus 

16.35 

Cast 

24  iirr.  at  P..T, 

-.03 

315 

US 

1 

■leorsia  t»cb  foreiiifttloo. 

Lunnita  Geieent 

li'.74 

1  tiinuta  - 

-.01 

. 

- 

756 

- 

U7 

J 

-* 

Vibration  Tiae 

24  hrji.  at  23CF 

-.13 

_ 

915 

XL3 

1 

-7 

-.20 

_ 

375 

.. 

ue 

2 

-8 

-.27 

- 

. 

4I4 

118 

1 

.9 

-.ce 

- 

- 

;8.3 

U8 

1 

U2S.l-i 

FtiS-d  Silica  and 

3 

dllp  C-ist 

24  hrs,  at  H.t, 

*,D? 

- 

23  3 

_ 

102 

u«-TC^la  Tech  foroulatisa 

-5 

7-aa»d  Silica  Slip 

4ddsd 

24  hxB.  Q*  150? 

*.09 

137 

• 

102 

1 

niiss  Alifiphoa  C 

t  o  dry 

24  l;;rs .  at  2>  '? 

*.C9 

loco 

‘.19 

336 

- 

IC^ 

1 

,7 

5at<6 

JA  hxs.  at  SJCi' 

*.09 

" 

292 

. 

4 

-a 

*.09 

n 

SC3 

- 

659 

104 

-9 

..,:6 

- 

b./> 

104 

1 

m\a-4 

7nknoHTj 

28 

Sllr 

Dry  at  P.T. 

-i.v 

200c 

-2.72 

783 

. 

- 

1 

di*e  chaage  free  4.50C"  dliDPr.5loa. 

-5 

Mix  parts  in 

until  solid 

.1.13 

" 

-3.56 

947 

- 

1 

'Jnable  to  saw  end  ctf  specisens 

blufjgar  pour 

-5,09 

a 

-2.82 

731 

. 

1 

-4  thru  -8. 

-7 

" 

In  piaster 

21  hrs.  at  220? 

-1.39 

s 

-M6 

709 

— 

1 

-s 

" 

no  Ida. 

-1.9? 

1 

•?,12 

« 

907 

« 

1 

-9 

-2.07 

■ 

-i:.73 

- 

326 

102 

1 

Cnknovn 

^asmed 

12  hra.  at  ?.T. 

-0.03 

7CO 

0 

93 

no 

2 

Contaloa  J  l/B%  enrulslfied  va;- 

-7 

-0..-3 

* 

-^\G3 

35 

- 

■ 

3 

and  9  y/Si  vater. 

-a 

(Packed  ready 

24  hra.  at  220? 

-C.09 

2050 

*0.20 

712 

. 

OQ 

3 

for  ?L''.~*eineiit) 

•o.m 

e 

*0.21 

590 

. 

• 

3 

-ic 

*0,03 

a 

*0.34 

544 

■» 

-u 

i 

- 1 

-C.09 

H 

*0.23 

474 

■ 

* 
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TAELS  1,6  EVALUATION  OF  CASTABLE  REFRACTORY  DATA  FOR  UNFIRED  TOOLING  USES 


!  CURIHC  1 

y  D-RY2JG 

PSCCEDURE  i 

1  MCULTUB  ! 

B9^B9^9 

BMIBH 

•FINISH 

llSr.r-S 

Flrjii, 

mms 

IKliilSnHI 

lansH 

!■« 

u  acias 

-.T 

VIKDCH 

jiETUAii, 

1  LISEAK 1 

Li’.Ti 

II 

IHI 

lum 

ig 

5Cx), 

6^ 

700 1 

T50 

PUBLISHED 

ps: 

F3I 

■COJT.’iRSI'a  j 
nccEs 

FJBirSILZ) 

VAuri,<:, 

HI 

REh 

;cATiFsr.^n 

LK-K 

.i.Ct'— -a 

1 

*h>>2. 

Aliss-liui  pi'JA 

rtioapbcrio  flcl4 

£ 

X 

i 

j 

mi 

W.56 

— O.’lA 

[ 

O.U  j 

2  ( 

0.2 

iQ,.J 

2 

eB 

^U2-llBA  PUti 

Ci^Lc  njK  /ina-nriAis 

A 

X 

X 

2150 

2W.7 

■  S.i6  1 

i  1 

0.00 

-0.06 

O..;?  1 

“ 

o.« 

T.c  = 

3 

2 

TIB 

ai.  AXi^lINA  FLUB 

CALCraK  AlUFilSATE 

X 

X 

X 

1066 

2322 

1 

- 

i  -0.02 

- 

0.tf 

7.4T 

■5 

106a 

rkLiJi-'.iTS- .  PUUt» 

AJI5 

:i 

X 

K 

X 

j 

21kQ 

2U»0 

6.13 

-C.ID 

-o,i 

uo 

0.9 

6-.a 

ti 

j 

106s 

.vUfULi  me- 
PHCUfHQSIC  ACS) 

1 

X 

) 

i 

:i 

1 

2401 

3.00 

- 

f0.19 

'>.t3  J 

Q.3 

7.07 

lai 

?Ltr  C/U/:7JI'J  iLliTlSATC  ■ 

X  , 

1 

X 

1 

, 

8274 

7.58 

-0.17 

0.5“^ 

'  0.. 

6. cl 

6 

•39D 

WTi-ac-sm  PUS  CALSIUN 
ALU^.INATE 

* 

X 

1 

! 

2050 

d.33 

.  -0.0^#  1 

1 

Q.li 

i  0 .2 

6.50 

5 

ik: 

AlUKIH^  PLUis  ' 

PHaiPHQRIC  .-CIC 

!  ;c  1 

'• 

.7 

- 

i 

2071 

6.30 

- 

-0.1  i 

j 

""  1 

1 

1 

0.1  . 

1:5 .  ’T 
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TABLE  17  EVALUATION  OP  CASTABTE  REFRACTORY  DATA  FOR  FIRED  TOOIS  USED  AT  ROC£0  TSvIPERATURE 
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T,\BI£  IS  EVALUATIOII  OP  CAST/iSIE  REFRACTORY  DATA  FOR  FIRED  TOOIS  USED  AT  ELEVATED  TiMPERATURE 


TABIE  18  (CONT'D) 


•  Dm  XTKimt  mm  mumnm  or  phis*  u. 

KHSSi  (1)  J5C^  (1)  pucis  Jr  TRO«a,SO  TtBRATIOH.  (3)  BBI  AT  JOO^  POR  B  BOORS  PXB  DCB  Of  IBICWESS.  (4)  J4  HOURS  At  550°P  (5)  S4  AT  150"p  PRIOR 

TO  8,  BWBS  AT  !30^.  ATBi*  SJDOp  DWHO,  COBtDOI  DfflflBt!  FCB  84  aOORS  AT  550"r  (6)  THIS  TOOL  ViS  HOT  rnSl . 


Wet  mixer  tub  used  for  vibration  study  speel 
mens  only.  Replaced  by  Mix -Muller  shown  in 
Figure  67. 
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INTLRNAL  VIBRATOR 

t  -  414  -  18 


Fig.  14  Air  driven  intornal  vibrator  (cutauay). 
Refer  to  Figure  9,  photograph. 


RF  2261-4 


Fig.  19  Density  and  modulus  of  rupture  vs.  frequency  -  0.0005  inch  an3)lltude 
-  external  vlhration. 
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Fig.  22  Density  and  niodulus  of  rupture  vs.  fretjuency  -  0.0020  inch  amplitude 
-  external  vibration. 


40C' 

2- 


200 


100 


-  cpa  X  10^ 


FREQUEUCY 


Fig.  23  Density  vs.  frequency  -  coBipoEite  of  all  amplitudes  -  external 
vibration. 
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MODULUS  OF  RUPTURE  -  psl 
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RF  2150-9 


Fig.  25  Bottom,  of  Specimen  IP.l-lB,  the  most  dense 
-  O.OCO5  Inch  amplitude  and  10,000  vpm 
frequency  -  externally  vibrated. 


Fig.  26  Edge  of  Specimen  IF.l-lfl,  the  most  dense 
-  0.0005  Inch  angplltude  and  10,000  vpm 
frequency  -  externally  vibrated. 


RF  2150-10 
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RF  2150-3 

Pig.  27  Bottom  of  Specimen  IF. 1-10,  the  least  dense 
-0.0005  inch  amplitude  and  3,600  vpin 
frequency  -  externally  vibrated. 


Fig.  26  Edge  of  Specimen  IF. 1-10,  the  least  dense 
-0,0005  inch  amplitude  and  3»600  vpm 
frequency  -  externally  vibrated. 


RF  2150~2 


id  IF.  1-27 
Linplltude 
ictlvely  - 


Edge  of  Specimen  IF.I-I7S,  hand  tamped 
using  1  X  1  X  16  inch  wooden  stick. 


Fig.  36  Top  of  Specimen  IF.I-I7B,  hand  tamped  ueliifi 
1  X  1  X  16  inch  wooden  stick. 
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Fig.  38  Density  and  modulus  of  rupture  vs.  freq.uency  -  Internal  vibration 
(air  driven  vibrator). 


-  cpm  X  ICp 


3.6 


Bottom  of  Specimen  IF. 1-121 
-10,000  vpm  frequency  -  int< 
(air  driven). 


Bottom  of  Specimen  the  least  dense 

-7>2C)0  vpm  freq,uency  -  internally  vibrated 
(air  driven). 


Edge  of  Specimen  1F.1-131-,  the  least  dense 
-7,200  vpm  frequency  -  internally  vibrated 
(air  driven). 
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RF  2260-5 

Fig.  44  Top  of  Specimea  1F.1-I3i^^  note  absence  of 
fines  between  coarse  aggretate  -7^200  vpm 
freq^uency  -  internally  vibrated  (air 
driven). 


RF  2260-1 


Fig.  ^5  Bottoms  of  Specimens  IF. 1-121  and  1F.1-Ii*2, 
peeik  densities  at  10,000  and  20,800  vpm 
frequency  respectively,  internally  vibrated 
(air  driven). 


lottos  of  Specimen  1F.1-I53j  the  nost  dense 
■3,600  vpm  freqtuency  -  Internally  rlbrated 
electrically  driven). 


Page  172 


KF  2261-1 


Fig.  49 


Bottom  of  Specimen  IF, 1-158,  the  least  dense 
-  10,000  vpm  fres^uency  -  Internally  Tibrated 
(electrically  driven). 


RF  2261-6 


Fig. 


Edge  of  Specimen  IF. 1-153#  the  most  dense 
-3,600  vpn  frequency  -  internally  vibrated 
(electrically  driven). 


imen 
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Fig,  52  Cumulative  percent  retained  vs.  mesh  opening  -  Cample  1  used  in 

external  vibration  study  and  Sample  2  In  Internal  vibration  study. 
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BT  5892-4 


Fig.  51  Surface  Finish  Standard  No.  4. 


RF  2892-5 


Fig.  58 


Surface  Finish  Standard  No.  5 


Model  #SK5,  Mix-«uller,  manufactured  by  Poeey  Iron  Works,  Incorporated 
Lancaster,  Pennsylvania. 
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CASTABLE  REFRACTORY  MATERIALS 
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COMPOSITI  VALUE  BAR  GRAPH  OF  MATERIALS  FOR  UNFIRED  TOOLS  USED 

AT  ROOM  TEMPERATURE 


COMPOSITE  VALUE 
3  4  5 

-  l-J _ L_J _ I _ L._l _ I  J _ 


castable  reeractoky  materials 


COMPOSiTI  VAIUI  lAR  GRAPH  OF  MAfIRIAlS  fOR  riRIO  TOOIS  US!0 

AT  ROOM  TEMPERATURE 
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MODULUS  OF  RUPTURE 
0.1  INCH  .  m  P5I 

FIRING  SIZE  CHANGE 
0.1  INCH  a  0.03% 

SURFACE  FINISH 

0.1  INCH  ^  NO.  I  FINISH; 

0,2  INCH  =  NO.  2  FINISH;  ETC 

(WITH  SCALE  ON  ORDINATE  ONLY) 


•MATERIAL  TESTED  TOO  LATE  (11-30-40)  FOR  COMPUTE  EVALUATION 


it  ife' 
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COMPOSITf  VALUl  BAR  GRAPH  Of  MATERIALS  FOR  FIRED  TOOLS  USED 

AT  ELEVATED  TEMPERATURE 


COMPOSITE  VALUE 


BAR  GRAPH  OF  UHFIRID  MATERIALS  RAMRID  PER  DRYIHG  SIZE  CHANGE 
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CASTABLE  REFRACTORY  MATERIALS 
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CASTA8LE  REFRACTORY  MATERIALS 
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BAR  GRAPH  OF  MATERIALS  RANKED  PER  SURFACE  FINISH 


SURFACE  FINISH 

NO.  1  0.1  INCH  ,  NO.  2  INCH  -  0.2  INCH,  ETC.  (THIS  SCALE  ONLY) 


CaSI’ABLE  HEFRACTORY  .ViATERiALS 
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m  GRAPH  OF  UNFiRED  MATERIALS  RANKED  PER  RT  MODULUS  OF  RUPTURE 


MODULUS  OF  RUPTURE  AT  ROOM  TEMPERATURE  OF  UNFIRED  MATERIALS 
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BAR  GRAPH  or  fiRID  MATtRIAlS  RANKED  PER  Rt  MODULUS  OF  RUPTURE 


MODULUS  OF  RUPTURE  AT  ROOM  TEMPERATURE  OF  FIRED  MATERIALS 
30  PSI  =  0.1  INCH  (THIS  SCALE  ONLY) 
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EXHiirr  3 

TAKGET  PROPERTIES  FOR  CASTABLE  REFRACTCRY  TOOUNG  MATERIAI^ 


The  following  target  properties  are  set  forth  as  a  guide  to  the  materials 
developjaent  suhcontractor : 

1.  The  castable  (castables)  are  to  have  good  thermal  shock  resistance 
as  determined  by  repeated  cooling  from  2000  F  to  room  teni)erature 
still  air. 

2.  Have  maxiEum  linear  room  teuiperature  drying  size  change  of 

3.  Have  maximum  net  linear  size  change  after  firing  of  .1|^. 

4.  Sufficient  strength  to  permit  handling  before  firing.  (This  will 
req.uire  an  estimated  modulus  of  rupture  of  200  psi,  minimum.) 

5.  Have  minimum  strength  of  1000  psl  modulus  of  rupture  tested  at  room 
temperatture  and  at  2000  P.  The  1000  psi  strength  figure  is  to  apply 
to  fired  shapes  only. 

6.  The  material  must  be  capable  of  casting  with  smooth  as-cast  surfaces, 
60  R.M.S.  maximum. 

Optional:  6o  R.M.S,  surface  nay  be  obtained  by  a  glazing  technique 
providing  that  glaze  does  not  cause  a  detriment  in  other  properties. 

7.  Material  must  be  dimensionally  stable  at  all  operating  temperatures 
between  room  and  2000  F, 

8.  Material  must  be  capable  of  being  cast  and  fired  in  masBlve  sections 
as  great  as  one  cubic  yard. 
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EXKiBrr  4 


GKJRGIA  INSTITUTE  OF  TECHNOLOGY 
FINAL  REPORT 
PROJECT  NO.  A-433 


INTRODUCTION 


Fused  silica  was  used  as  the  aggregate  material  In  this  project  due 
to  Its  excellent  thermal  shock  properties.  Such  binders  as  alwinum 
phosphate,  Portland  cement,  and  Lumnlte  cement  were  evaluated  In  an  effort 
to  obtain  a  cold  or  low  temperature  cure. 

Promising  compositions  developed  were  furnished  to  the  Contractor  for 
evaluation.  See  Table  I5,  Page  134,  msic  Code  122,  for  results. 
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B.  Maximum  Packing  Denglty  of  Fused  Silica  Aggregates 

A  test  was  run  to  determine  the  maximum  packing  density  of  the  three 
oonofractlons.  Different  percentages  of  the  three  monofractions  were  mixed 
and  vibrated  into  a  graduated  cylinder.  The  three  combinations  with  the 
highest  density  were  used  as  standard  aggregate  mixtures  for  all  experimental 
work.  The  results  of  this  study  are  shown  In  Figure  1. 

The  following  tabulation  Is  the  three  combinations  which  were  selected 
as  standard  aggregates  and  will  be  henceforth  referred  to  as  titled  In  the 
tabulation. 


Aggregate  No.  1  Aggregate  No.  2  Aggregate  Ho.  3 


6o^ 

•k  +20  Mesh 

50^ 

+20  Mesh 

30^ 

-4  +20  Mesh 

10^ 

-20  +50  Mesh 

2(y-% 

-20  +50  Mesh 

-20  +50  Mesh 

30^ 

-100  +200  Mesh 

-100  +200  Mesh 

30^ 

-100  +200  Mesh 

c. 

Aggregates  and  Binders 

Seven  binders  were  investigated  to  bond  the  standard  aggregates.  Tests 
were  run  to  determine  the  usefulness  of  the  aggregate  -  binders  for  ceramic 
tooling.  Among  the  properties  tes'*  cd  were  green  and  fired  transverse  strength, 
dry  and  fired  shrinkage,  per  cent  absorption,  density,  and  thermal  shock 
resistance. 

Plaster  molds  were  made  to  cast  test  samples  for  combinations  containing 
fused  silica  slip,  Tvro  aluminum  molds  were  mode  to  cast  cements  and  com¬ 
positions  not  containing  fused  silica  slip. 

The  seven  binders  Investigated  were  fused  silica  slip,  HI -Early  Portland 
Cement,  Lumnite  (calcium  alumlnate)  cement.  Kaolin  (E.P.K.),  Lead  Monosilicate, 
Alkophos  C,  and  Pennsalt  Synar  binders. 

1.  Fused  Silica  Slip.  Test  plates  (i»-lnch  x  ij-1nch  x  l/2-inch)  were  made 
from  each  of  the  following  tabulated  fused  silica  aggregate  -  fused  s  i  tier  slin 
combinations  using  the  three  aggregate  mixes  listed  in  the  Section 


Fused  Silica  Slip 


VFi 


Fused  Silica  Aggregate 
- - 


60 


liO 


50  50 

40  60 


30 


70 
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Three. per  cent  water  was  added  to  the  aggregate.  The  wetted  aggregate 
was  mixed  with  the  slip  in  the  descrihed  proportion,  placed  into  Keltexed 
plaster  molds  and  the  molds  were  vihratcd  for  3  minutes.  The  samples  were 
air  dried,  removed  from  the  mold,  dried  at  23O  F,  and  fired  at  2000  F  for 
two  hours.  Transverse  strength  (modulus  of  rupture)  dcterddnations  are 
listed  in  Tabic  2  and  the  values  are  averages  of  five  test  specimena. 

TABLE  2 

FUSED  S.ILICA  SLIP  -  FUSED  SILICA  AGGREGATE  MIXES 


Aggregate  Average  Transverse  Strength 


fused  Silica  Slip 

No.  .1 

Trr 

No.  2 

TfT 

No.  3 

Tfr 

No.  1 

TpSiJ 

No.  2 

(pBi) 

No.  3 
(pel) 

60 

4o 

1*0 

ho 

hU6 

336 

U63 

50 

50 

50 

50 

812 

337 

318 

40 

60 

60 

60 

289 

453 

2U9 

30 

70 

70 

70 

UU5 

The  specimens  listed  in  Table  2  exhibited  segregation  of  the  aggregate 
and  binder.  The  aggregate  partially  flowed  to  the  bottom  of  the  mold  cavity 
leaving  the  binder  concentrated  in  the  upper  section  of  the  mold.  This  was 
especially  true  for  those  specimens  that  contained  the  greatest  percentage 
of  binder.  As  the  binder  was  decreased  the  segregation  of  the  binder  and 
aggregate  tended  to  decrease  but  the  smoothness  of  the  surface  was  decreased. 

Attempts  were  made  to  eliminate  the  segregation  or  lamination  and/or 
improve  the  surfaces  of  the  fused  silica  slip-fused  silica  aggregate  com¬ 
positions  by  increasing  the  water  addition  to  the  dry  aggregate.  Six  per 
cent  and  nine  per  cent  water,  based  on  the  dry  weight  of  the  aggregate,  was 
thoroughly  mixed  with  the  aggregate  before  the  fused  silica  slip  was  added. 

It  was  found  that  three  per  cent  water  addition  to  the  dry  aggregate  pro¬ 
duced  specimens  with  poor  surfaces  and  cross  sections  for  the  sixty  and  seventy 
per  cent  aggregate  conpositlonsj  however,  an  Increase  in  the  water  addition,  six 
and  nine  per  cent,  improved  both  the  surfaces  and  cross  sections  of  these  two 
compositions.  It  was  observed  that  an  Increase  of  fused  silica  slip  from  forty 
to  fifty  to  sixty  per  cent  produced  specimena  with  laminated  cross  sections. 
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Compositions  listed  above  were  fabricated  into  4-inch  x  4-inch  x  l/2-lnch 
samples  and  were  subjected  to  thermal  shock  tests.  The  samples  were  cast, 
dried,  and  fired  to  2CXX)  F  for  2  hours.  The  samples  were  again  fired  to 
2000  F  and  xcnalnefl  at  that  temperature  for  one  half  hour.  One  half  of  the 
specimens  were  quenched  In  water  at  80  F  and  the  remaining  half  of  the  specimens 
were  quenched  in  air.  It  was  found  that  the  compositions  which  had  not 
laminated  sustained  both  the  water  and  air  quench  without  falling;  however, 
those  specimens  which  were  laminated  exhibited  surface  cracks. 

There  was  no  measurable  dried  or  fired  linear  shrinkage  for  the  com¬ 
positions  prepared  with  the  fused  silica  allp-fused  silica  aggregate. 

2.  Hi-Early  Portland  Cement,  Test  plates  were  fabricated  using’ HI -Early 
Portland  cement  and  fused  silica  Aggregate  No.  1.  The  dry  aggregate  and  cement 
were  mixed  thoroughly  and  water  was  added  to  the  mix  until  a  workable  consistency 
was  obtained.  The  mix  was  placed  Into  4 -inch  x  4-inch  x  l/2-inch  waxed 
pasteboard  boxes  and  vibrated  for  3  minutes.  The  samples  were  kept  damp  by 
moistened  towel  coverings  for  24  hours,  dried  for  24  hours  in  air,  then  dried 
for  24  hours  at  230  F.  The  specimens  were  cut  into  l/2-lnch  x  l/2-lnch  x  4- 
Inch  bars  for  transverse  strength  determinations.  The  results  of  this  study 
are  listed  In  Table  3 • 


TABLE  3 

HI-EARLY  PORTLAND  CEMENT-FUSED  SILICA  AGGREGATE 


Sample 

No. 

Hi-Early 

Portland 

Cement 

Aggregate 
No.  1 

1 

38.5 

33.6 

2 

29.3 

51.1 

3 

17.9 

62.7 

HpO 

Average 

Transverse 

Strength 

Dry 

Linear 

Shrinkage 

(psl) 

27.9 

421 

9.1 

19.6 

649 

9.1 

19.4 

425 

5.4 

Some  segregation  of  fused  silica  aggregate  and  Hl-Early  Portland  cement 
occurred  In  all  three  samples  with  greater  segregation  occuring  with  Sample 
No.  1  than  with  the  other  two.  Surfaces  of  Sample  No.  2  and  No.  3  were  poor 
due  to  the  settling  of  the  aggregate  during  vibration. 

Test  plates  {4-inch  x  4-inch  x  l/2-inch)  were  fired  to  2000  F  and  held 
at  this  temperature  for  one  half  hour,  then  one  half  of  the  specimens  were 
quenched  in  water  at  80  P  and  the  remaining  half  were  quenched  in  air.  The 
specimens  quenched  in  water  disintegrated  and  the  air  quenched  specimens  failed 
after  standing  48  hours  in  air. 
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3.  Lumnxi.e  Cement.  Dry  Cuoed  eillca  Aggregate  Ilo.  1  and  Lunmite  ce-."ent 
were  "ilxed  thoi'ouGh'ly” a"nd  water  v?as  added  to  the  rlx  until  a  \?orkabIe  connistency 
was  obtained.  Ttie  mix  t’ac  placed  inJ-o  4-lnch  x  4-inch  x  l/2-lncli  waxed  aantn- 
board  boxes  and  vibrated  for  3  Minutes.  The  samples  were  kept  darp  by  moistened 
towel  coverings  for  24  hours,  dried  ’n  air  for  24  hours,  and  dried  at  230  F  for 
24  hou  s.  The  'le.s-.  plates  ’.’■e'’e  sawed  into  l/2-lnch  x  4 -inch  x  l/2-lnch  wide 
negments  for  transverse  ••Lrcrf'th  reacurer.cntn .  The  com’’ooitions  art  iheir 
corres.'onding  transverse  strengths  oL'  the  fused  silica  agGregatc  -  Lumnite 
cement  nixes  arc  listed  in  Table  4.  The  strength  values  are  an  average  o:-’  ‘five 
teat  spccin'cnfi. 

T/J3LF.  4 

LUIINITli  Ci’IiEHT-FUPJ'D  CILICA  AGGPFGATE 


A'/erage 

Dry 

Sample 

Lumnite 

Agfiregate 

Transverse 

Linear 

No. 

Cement 

No.  1 

Nater 

Strength 

Shrinkage 

(V) 

(71 

( psl ) 

(';) 

1 

44 . 9 

33.6 

21.4 

420 

0.0 

2 

31.5 

47.1 

21.4 

378 

0.0 

3 

19.7 

5O.9 

21.4 

319 

0.0 

NOTE: 

Tbc  density  of 

Lumnite  cement 

used  was 

3.67  grr./cc 

Test  platCE  4-lnch  x  4-inch  x  l/2-lnch  'jere  fabricated,  as  above,  for 
thermal  shock  resistance  ctudieE,  The  specimens  verc  allowed  to  reach  2000  F 
and  held  at  this  temperature  for  one  half  hour,  then  one  half  of  the  specimens 
were  quenched  in  wai.er  at  60  F  and  the  remaining  half  of  the  specimens  were 
quenched  in  air.  Hiesc  speclmeno  sustained  both  the  water  and  aif  quench 
without  failing.  ’ 

Smooth  surfaces  (Number  l)  were  obtained  by  casting  the  samples  in  the 
aluminum  molds  and  curing  the  came  as  described  previoucl.y.  The  samples  were 
easily  handled  and  there  was  no  rroblen  \;ith  shrinkage. 

4.  Kaolin.  Fused  Silica  Aggregate  No.  1  and  Kaolin  were  mixed  thoroughly 
and  enough  water  was  added  to  obtain  desii'ed  workability.  The  mixture  was 
poured  Into  plaster  molds  4-inch  x  4-lnch  x  l/2~inch  in  size.  The  molds  had 
previously  been  Keltexed  with  a  0.2(b  Keltex  solution.  The  Keltex  solution 
was  poured  into  the  molds  and  allowed  to  stand  for  two  minutes,  then  it  was 
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poured  out,  and  then  the  mixture  of  Kaolin  -  fused  silica  Aggregate  No.  1 
mix  was  troweled  into  the  molds  and  vibrated  for  3  minutes.  The  samples 
were  allowed  to  remain  In  the  molds  overnight  and  were  removed  from  the  molds 
and  dried.  In  air  for  24  hours.  The  samples  were  then  dried  at  230  F  for 
24  hours.  Dry  shrinkage  measurements  were  made,  and  the  samples  were  fired 
for  two  hours  at  2000  F.  (Samples  were  placed  In  kiln  at  room  teraperature 
and  gradually  brought  up  to  2000  F).  Test  bars  l/2-lnch  x  l/2-lnch  x  4-lnch 
for  transverse  strength  determinations  were  made.  Listed  In  Table  5  are  the 
results  of  this  study. 


TABLE  5 

KAOLIN  -  FUSED  SILICA  AKJREGATE  MIX 


Sample 

Wo. 

Kaolin 

Aggregate 

No.  1 

Water 

Average 

Transverse 

Strengths 

Dry 

Linear 

Shrinkage 

Fired 

Linear 

Shrinkage 

~jfr 

ijr 

(psl) 

W) 

1 

33.7 

35.8 

30.5 

390 

20,0 

23.4 

2 

23.5 

49.9 

26.6 

498 

11.7 

15.0 

3 

14.0 

62.7 

22.5 

283 

- 

- 

NC«:E: 

The  density  of  Kaolin  used  was 

2.50  gm/cc. 

Test  plates  4-lnch  x  4-inch  x  l/2-inch  were  fabricated  for  thermal  shock 
resistance  studies.  These  plates  were  fabricated  as  previously  described. 

The  plates  were  allowed  to  reach  a  temperature  of  2000  P  and  held  at  this 
temperature  for  one  half  hour.  One  half  of  the  eatnples  were  air  q^uenched 
while  the  remaining  half  were  water  quenched  to  80  F.  These  compositions 
sustained  both  the  water  and  air  quench  without  failing. 

Very  poor  surfaces  were  obtained  using  the  Kaolin  -  fused  silica  aggregate 
compositions.  The  shrinkage  was  hard  to  control  causing  difficulty  In  fabrl-. 
cation  of  the  Bamples, 

5.  Lead  lionoslllcate.  Test  plates  were  fabricated  using  Lead  Monosilicate 
and  fused  Bilica  Aggregate  No.  1.  Table  6  lists  the  compositions  that  were 
studied. 
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LEAD  fX)NOSILTCATE  -  FUSED  SILICA  AGGREGATE 


Sample 

No. 

Lead 

Monoslllcate 

Fused  Silica 
Aggregate  No .  1 

Water 

If) 

"07" 

1 

63.7 

26.0 

10.3 

2 

50.3 

41.1 

8.6 

3 

33.8 

55.1 

11.1 

NOTE: 

The  density  of  lead  'silicate 

used  was  5.6  gr,i/cc. 

Fused  silica  Aggregate  No.  1  was  mixed  in  a  gallon  jar,  with  a  board 
6-lnch  X  2-inch  x  l/2-inch  as  a  mixing  aid,  until  honiogeneouc .  Three  per 
cent  (3^)  water  by  weight  of  dry  aggregate  was  added  during  mixing  to  pre- 
wet  the  aggregate.  Lead  Monoslllcate  was  added  to  the  aggregate -water, 
mixed,  and  rolled  on  a  ball  mill  roller  until  a  homogeneous  mixture  wan 
obtained.  Enough  water  was  added  to  the  mixture  until  a  workable  body  waa 
obtained.  The  body  was  then  poured  into  previously  Keltexed  and  graphltcd 
molds  and  dried  overnight  at  room  temperature. 

After  drying,  the  samples  were  too  weak  to  be  handled.  The  shrinkage 
of  the  samples  was  high  causing  the  samples  to  crack  in  the  molds  while 
drying.  No  tests  or  measurements  were  possible  due  to  this,  inability  to 
fabricate  the  samples  successfully. 

6,  Alkophos  C.  Preliminary  studies  of  this  binder  Indicated  that  the 
sot  and  drying  time  were  greatly  reduced  by  diluting  with  water.  That  Is,  the 
drying  time  was  reduced  from  96  hours  to  I8  hours  by  the  addition  of  3-5  per 
cent  to  11.5  per  cent  water  to  the  Alkophos  C  solution. 

Hie  general  procedure  developed  for  the  Alkophos  C  fused  silica  aggregate 
was  to  add  the  aggregate  to  the  Alkophos  C  solution  and  vibrate  until  aggregate 
was  thoroughly  wetted.  The  mix  was  then  poured  into  aluminum  molds,  dried  in 
the  molds  at  230  F  for  18  hours,  removed  from  the  molds  and  further  dried  at 
550  F  for  a  minimum  of  four  hours,  then  fired  slowly  to  1000  F  for  one  hour  and 
then  to  a  final  temperature  of  2000  F  for  minimum  of  one  hour.  Transverse 
strength  of  both  the  green  (dried  at  550  F)  and  fired  (fired  at  2000  F) 
specimens  of  this  mix  was  determined  and  the  results  are  listed  in  Table  7 
and  are  numbered  as  compositions  A-1,  A-2,  and  A-3.  Hierraal  shock  was  determined 
on  the  2000  F  fired  specimens  and  all  withstood  a  thermal  quench  into  water  from 
2000  F  to  80  F. 
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TABLE  7 

ALKOPHOS  C  -  FUSED  SILICA  AGGREGATE 


Composition 

No. 

Alkophos  C 

H20 

Fused  Silica 
Slip 

Aggregate 
No.  1 

Average  Trane- 
verse  Strength 

(^) 

ii) 

w 

Green 

Ipei) 

Fired 

(psl) 

A-1 

17.4 

3.9 

- 

78.7 

198 

493 

A-2 

11.8 

8.0 

- 

80.2 

160 

958 

A-3 

6.0 

12.3 

- 

81.7 

519 

1012 

AS-1 

15.5 

1.9 

19.2 

63.4 

496 

967 

AS -2 

11.1 

2.2 

12.6 

74.1 

857 

827 

AS-3 

16.2 

1.9 

20.0 

61.9 

- 

'  m 

NOTE:  The  density  of  Alkophos  C  was  1.47  gm/cc. 
The  density  of  the  slip  was  1.82  gtn/cc. 


This  mix  produced  cast  specimens  which  exhibited  surface  voids.  The  voids 
were  eliminated  and  a  smooth  surface  was  produced  by  the  addition  and  partial 
substitution  of  the  water  with  fused  silica  slip.  These  new  mixes  are  also 
listed  in  Table  7  and  the  resulting  samples  are  numbered  AS-1,  AS-2,  and 
AS-3.  Thermal  shock  was  also  determined  on  the  2000  F  fired  specimen  and  all 
withstood  a  thermal  quench  into  water  from  2000  F  to  80  F. 

A  study  was  made  to  determine  the  effect  of  various  firing  temperatures 
on  the  transverse  strength,  per  cent  absorption,  and  density  of  Alkophos  C- 
Bllp  -  aggregate  bodies.  Composition  AS-1  was  used  to  fabricate  the  test 
specimens  and  the  results  of  this  study  are  listed  in  Table  8., 
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TABLE  8 

EFFECT  OF  FIBING  TEI-tPERATURE  -  TIME  ON  THE  STRETJGTH,  ABSORPTION 
AND  DENSITY  OF  ALKOPHOS  C  -  FUSED  SILICA  AGGREGATE  COMPOSITION  AS-1 


Time  and 

Temperature 

Transverse 

Strength 

Per  Cent 
Absorption 
(^)  ■“ 

Density 

(gra/cc) 

18  hrs.  at  230  F 

568 

reverted 

1.62 

1*  hrs.  at  550  E 

591+ 

i4.7 

1.63 

i»  hrs.  at  800  F 

557 

15.0 

1.66 

U  hrs.  at  1000  F 

730 

17.3 

1.66 

hre.  at  18OO  F 

663 

15.6 

1.68 

!»  hrs.  at  2000  F 

649 

15.3 

1.68 

NOTE; 


(1)  Transverse  strengths  are  averages  of  10  bars. 

(2)  Per  cent  absorption  measurements  are  averages  of  5  bars. 

(3)  Density  measuremonts  are  averages  of  3  bars. 


The  per  cent  linear  firing  shrinkage  for  composition  AS-1  fired  to  2000  F 
and  held  at  this  temperature  for  2  hours  was  O.I9. 

Thermal  shock  resistance  was  also  determined  for  composition  AS-1.  The 
test  specimens  were  water  quenched  from  2000  F  to  BO  F,  Table  9  lists  the 
results  of  the  thermal  shock  resistance  with  the  number  of  quench  cycles. 
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TABLE  9 

EFFECT  OF  THERMAL  QUENCH  ON  AT.KOPHOS  C  -  FUSED  SILICA 
AGGREGATE  COMPOSITION  AS-1 


No.  of  Thermal  Quenches  from 
2000°F  to  80OF 

Firing  Time 

at 

2000°F 

in  Hour 

s 

k- 

2 

i 

k 

7 

16 

£!t 

1 

G 

G 

G 

G 

G 

G 

G 

G 

2 

G 

G 

G 

G 

G 

G 

G 

G 

3 

G 

G 

G 

G 

G 

G 

G 

G 

k 

CBD 

G 

G 

G 

G 

G 

G 

G 

5 

G 

G 

BD 

G 

G 

G 

G 

G 

6 

G 

G 

G 

G 

G 

G 

G 

G 

7 

C 

G 

C 

G 

G 

G 

G 

G 

8 

C 

CBD 

S 

G 

G 

G 

G 

G 

9 

C 

G 

- 

G 

G 

G 

G 

G 

10 

s 

C 

CBD 

G 

G 

G 

k 

G 

NOTE:  G  -  Condition  good 


S  -  Shattered 
C  -  Cracked  but  strong 
CB  -  Corner  broken 
CBD  -  Corner  bi’oken  after  drying 
BD  -  Broken  (other  than  corner)  after  drying 
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Bound  3/4-lncb  teet  bars  were  cast  In  Keltexed  plaster  molds  from 
composition  AS-1,  The  test  bars  were  dried  and  fired  by  the  standard 
procedure  established  for  Alkophos  C  compositions,  'fhe  bars  were  then 
fired  at  2000  F  and  held  at  temperature  for  Increasing  periods  of  time. 

The  purpose  being  to  determine  the  effect  of  heating  time  on  the  growth  of 
crystoballte  in  this  composition  and  the  resulting  strength,,  both  air  and 
water  (juench  from  2000  F  to  00  F.  Both  absorption  and  density  were  determined 
for  each  of  the  firing  periods.  Table  10  lists  the  transverse  strengths, 
absorption  and  density  results  of  this  study. 


TABLE  10 

EFFECT  OF  FIHING  TDffi  ON  THE  TRANSVERSE 
STRENGTH,  ABSORPTION  At®  DENSITY  OF  COMPOSITION  AS-1 


Firing  Time 
at  2000  F 

Transverse  Strength 
After  Air  Quench 

Transverse  Strength 
After  Water  Quench 

Per  Cent 
Absorption 

Density 

(psi) 

(pSl 

(gm/cc) 

1/2 

605 

536 

l4.2 

1.62 

1 

590 

535 

14.2 

1.73 

2 

1*79 

5^+2 

15.5 

1.T7 

3 

813 

463 

15.7 

1.64 

k 

6A9 

523 

15.3 

1.69 

7 

672 

383 

20.6 

1.62 

16 

Oil 

424 

13.0 

1.61 

2k 

275 

344 

14,2 

1.63 

Figure  2,  Page  215^ indicates  the  per  cent  crystoballte  formed  in  com¬ 
position  AS-1  with  increasing  time  at  2000  F.  The  effect  of  increasing 
crystoballte  on  the  transverse  strength  is  also  Indicated.  The  transverse 
strength  apparently  peaks  at  the  7  hour  firing  and  at  32.5  per  cent  crystoballte. 
The  deviation  for  the  2  and  3  hour  firing  is  too  large  to  be  acceptable. 

It  was  observed  that  tbe  fused  silica  Aggregate  No.  1  -  Alkophos  C  - 
fused  silica  slip  compositions  tended  to  produce  warped  test  plates  whenever 
the  test  plates  were  fired  above  1000  F.  A  successful  attempt  to  eliminate 
this  warping  was  accomplished  by  changing  the  particle  size  distribution  of 
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the  fused  silica  Aggregate  Ko.  1  and  reducing  the  (quantity  of  the  fused 
silica  slip  and  Alkophos  C  solution.  This  new  composition  is  compared  with 
the  old  composition  In  the  tabulation  below.  It  should  be  noted  that  the 
new  aggregate  is  designated  as  fused  silica  Aggregate  No.  4. 


-4  -fPO  Mesh 

-20  4‘50  Mesh 

-100  4200  Mesh 

ii^)  ■ 

(^1  - 

Aggregate  No.  1 

60 

10 

30 

Aggregate  No .  4 

70 

10 

20 

New  Composition  AS -4 

(f) 

Old  Composition  AS-1 

on 

Aggregate  No.  1 

- 

63.4 

Aggregate  No.  4 

69.4 

- 

Alkophos  C 

12.7 

15.5 

Fused  Silica  Slip 

15.8 

19.2 

Water 

2.1 

1.9 

Test  plates  of  the  new  composition  did  not  exhibit  any  warping  after 
being  fired  to  2CX)0  F  for  one  hour  and  then  water  q.uenched  to  80  F. 

7.  Pennsalt  Synar  Binder.  Test  samples  were  fabricated  using  Pennsalt 
Synar  binders,  Pennsalt  Activator  23 >  and  Pennsalt  Activator  05  as  the  bonding 
agents.  Fused  silica  Aggregate  No.  1  (1200  gms)  was  mixed  with  96  gms.  of 
Activator  23  and  rolled  on  the  ball  mill  until  homogeneous.  Synar  binder  was 
added  until  the  mixture  was  pourable  and  poured  into  aluminum  molds.  The 
samples  were  covered  with  aluminum  foil  while  drying.  The  samples  cracked  and 
produced  laminated  surfaces  while  drying.  No  data  was  obtained  from  these 
samples. 

The  experiment  was  repeated  as  above  using  Activator  05  in  place  of 
Activator  23.  The  results  of  this  test  were  the  same  as  the  previous  test. 

No  further  work  was  done  with  the  Pennsalt  binders  due  to  lack  of  time. 
From  all  Ind:* cations  it  is  felt  that,  with  proper  combination  of  Pennsalt 
Synar  Binders,  activators,  and  fused  silica  aggregate,  the  cracking  and 
lamination  can  be  overcome  thus  obtaining  a  cold  set  binder  for  fused  silica 
aggregate. 
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D.  Methods  of  Casting  Aggregates  and  Binders 

Alkophos  C  and  Lumnlte  cement  were  found  to  be  the  best  binders  for 
the  fused  silica  aggregate  that  was  studied,.  Outlined  below  are  the  methods 
used  in  casting  Lumnite  cement  -  fused  silica  aggregate  and  Alkophos  C  - 
fused  silica  slip  -  fused  silica  aggregate. 

1 .  Lumnite  Cement 

The  following  composition  was  found  to  be  the  best 


combination  studied  of  the  fused  silica  aggregate  -  Lumnite 
cement  specimens; 

Fused  Silica  Aggregate  No.  1  35 

Lumnite  Cement 

Water  10,8^ji 


The  following  procedure  was  developed  to  cast  the 
specimens ; 

n.  Mix  fused  silica  aggregate  adding  water,  based 
on  dry  weight  of  aggregate.  Add  cement  and  mix 
until  homogeneous.  Add  the  remaining  amount  of 
water  and  mix  thoroughly,  A  Hobart  N-50  mixer 
was  used  to  mix  the  compositions  for  small  specimens. 

b„  Pour  fused  silica  aggregate  -  Lumnite  cement  mixture 

into  a  non^porous  mold  of  the  desired  shape  and  vibrate 
until  air  bubbles  stop  migrating  to  the  surface  of  the 
sample. 

Cc  Cover  samples  with  moistened  towels  and  allow  to  remain 
wet  for  2l*  hours,  dry  in  air  for  24  hours,  and  dry  at 
230  F  for  24  hours. 

2,  Alkophos  C 


The  following  composition  was  found  to  be  the  best  combination 
studied  of  the  fused  silica  aggregate  •=  fused  silica  slip  -  Alkophos 
C  specimens: 

Fused  Silica  Aggregate  No.  4  69.4^ 

Alkophos  C  12, 7^ 

Fused  Silica  Slip  15.8^ 

2.li 


Water 
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The  following  procedure  was  developed  to  cast  the  specitnens: 

a.  Mix  the  fused  silica  aggregate  adding  S'P  water,  based  on 
dry  weight  of  the  fused  silica  aggregate,  until  it  le 
homogeneous . 

b.  Add  the  solutions  to  the  wetted  aggregate,  adding  the 
Alkophos  C  first  then  the  slip,  and  mix  thoroughly, 

c.  Pour  the  above  mixture  into  a  Keltexed  plaster  mold  of 
the  desired  shape  and  vibrate  from  2  to  5  minutes, 

d.  Dry  and  fire  the  samples  following  the  schedule  below: 

(1)  Dry  samples  in  the  molds  In  air  until  hard. 

(2)  Dry  in  molds  at  l40  F  for  l8  hours. 

(3)  Remove  samples  from  plaster  molds  and  dry  at  230  F 
at  least  four  hours. 

(4)  Put  samples  in  kiln  at  50O  F  and  slowly  fire  to 
1000  F  for  one  hour. 

{5)  At  this  point  the  samples  have  an  average  transverse 
strength  of  500  -  8CX3  psl.  If  desired,  the  samples 
can  be  fired  at  higher  temperatures}  however,  no 
further  firing  is  necessary. 

It  will  be  noted  that  the  above  procedure  was  developed  for  small 
laboratory  size  samples.  When  larger  samples  are  desired,  the  drying  and 
curing  time  will  have  to  be  Increased. 
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CONCLUSIONS 


The  hlRders  Investigated  to  bond  the  standard  fused  silica  aggregate 
were  fused  silica  slip,  El-Early  Portland  cement,  Lumnlte  (calcium  aluminate) 
cement,  Kaolin  (E.P.K.),  lead  monoslllcate,  Alkophos  C,  and  Pennsalt  Synar 
binders.  Of  these  seven  binders,  a  combination  of  Alkophos  C  -  fused  silica 
Blip  was  found  to  have  the  best  pi^opertles  for  ceramic  tooling.  The  Alkophos 
C  -  fused  silica  slip  -  fused  silica  aggregate  samples  had  a  transverse 
strength  of  968  psl  when  fired  to  2000  F  for  one  hour,  O.19  per  cent  linear 
fired  shrinkage,  were  able  to  withstand  at  least  10  thermal  water  quenches 
from  2000  F  to  80  f ,  and  had  no  visible  surface  cracks  after  quenching. 

Small  samples  were  easily  dried  in  18  hours  at  23O  F  and  need  only  be  cured 
to  a  temperature  of  1000  F  for  one  hour.  Large  samples  required  longer 
drying  and  curing  time, 

Lumnlte  (calcium  aluminate)  cement  was  found  to  be  the  best  cold  set 
binder  for  the  fused  silica  aggregate.  An  average  transverse  strength  of 
420  psl  was  obtained  with  no  measurable  shrinkage.  The  Lumnlte  cement  - 
fused  silica  aggregate  samples  took  thermal  water  quench  from  2000  F  to  80  F 
with  no  visible  failure.  There  are  no  limitations  as  far  as  size  Is  con¬ 
cerned  with  Lumnlte  cement.  The  curing  temperature  of  the  samples  was  23O  F 
for  24  hours. 

All  of  the  remaining  binders  exhibited  difficulty  for  one  or  more  of  the 
following  reasonsj  difficult  to  fabricate,  high  shrinkage,  low  transverse 
strengths,  or  were  unable  to  take  thermal  shock. 
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Fig.  1 


Maximum  Packing  Density  of  Fused  Silica  Aggregate  Monofractions 
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Fig.  2  Percent  Crlstoballte  and  Transverse  Strength  of  Water  Quenched 
AS-1  Specimens  as  a  Function  of  Firing  Time  at  2,OCX)*F. 
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DEVELOPMENT  OF  A  REFB,ACTORY  CASTABLE 

BASED  ON  CALCINED  PETALITE  Page  21? 

by 

H.  D.  Sheets,  C,  Hyde,  and  W.  H.  Duckworth 


INTRODUCTION 


The  Lockheed  Aircraft  Corporation,  Georgia  Division,  is  engaged  in  a 
project  for  the  Air  Force  under  Contract  No.  33(600)36888  on  ceramic  tools  for 
high-temperature,  metal -forming  operations. 

The  effort  is  aimed  at  developing  hydro-press  blocks,  draw  dies,  braze 
fixtures,  stress-relief  fixtures,  stretch-form  blocks,  and  other  such  tools  from 
ceramics  that  are  commercially  available  or  are  developed  especially  for  this 
purpose. 

On  the  basis  of  information  developed  in  Phase  I  of  their  work,  a  survey  of 
available  materials,  Lockheed  concluded  that  castable  refractories  having  lower 
coefficients  of  thermal  expansion  than  commercial  products  might  be  needed  for 
some  applications,  Battelle  was  engaged  to  develop  through  the  laboratory  stage 
a  castable  refractory  based  on  calcined  petalite,  which  is  known  to  have  a  low 
thermal-expansion  coefficient. 

Target  specifications  for  the  castable  were  as  follows: 

(1)  Have  good  thermal-shock  resistance,  as  determined  by  repeated 
heating  and  cooling  from  2000  F  to  room  temperature  in  still  air 

(2)  Have  a  maximum  linear  size  change  at  room  temperature  from 
drying  of  0,  2  per  cent 

(3)  Have  a  maximum  net  linear  size  change  after  firing  of  0,  1  per  cent 

(4)  Have  sufficient  strength  to  permit  handling  before  firing 

(5)  Have  a  minimum  fired  strength  of  1000  psi  (modulus  of  rupture) 
when  tested  at  room  temperature  and  at  2000  F 

(6)  Be  capable  of  being  cast  into  shapes  with  smooth  as -cast  surfaces 

(7)  Be  dimensionally  stable  at  all  operating  temperatures  between 
room  temperature  and  2000  F 
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(8)  Be  capable  of  being  cast  and  fired  in  sections  as  large  as  one 
cubic  yard. 

This  program  was  conducted  during  the  period  from  March  1  to 
September  1,  1959.  During  this  period.  Interim  progress  reports  were  forwarded  to 
Lockheed  so  that  findings  and  developments  could  be  incorporated  into  their  evaluation 
program . 


SUMMARY 


A  refractory  castable  based  on  calcined  petalite  was  developed  for  possible 
use  as  ceramic  tooling,  A  mixture  of  72  weight  per  cent  of  the  calcined  petalite, 

3  weight  per  cent  of  ball  clay,  and  25  weight  per  cent  of  calcium  aluminate 
cement  was  judged  to  be  the  best  of  the  experimental  compositions.  While  the 
physical  properties  of  this  composition  fell  short  of  the  target  specifications,  it  is 
believed  that  this  composition  is  worthy  of  consideration  for  use  in  tooling  applica 
tions  where  a  low  thermal -expansion  castable  is  required. 

Preliminary  studies  indicated  that  fused  cordierite  may  have  use  as  the 
aggregrate  in  castable  products  for  these  applications. 


EXPERIMENTAL  WORK* 


Initially  this  program  was  directed  toward  the  development  of  a  castable 
based  on  calcined  petalite  with  a  phosphoric  acid  bond.  Early  in  the  experimental 
program,  it  became  evident  that  phosphoric  acid  would  not  produce  a  satisfactory 
bond  and  the  effort  was  shifted  to  the  use  of  Alcoa's  calcium  aluminate  cement. 

A  preliminary  investigation  of  fused  cordierite  as  the  aggregate  was  made  also. 


Raw  Materials 


A  list  of  the  raw  materials  used  in  this  program,  together  with  their 
sources  and  approximate  chemical  compositions,  is  given  in  Table  1,  Poge  222, 


•  The  data  upon  which  thii  report  it  based  may  be  found  In  Battelle  Laboratory  Record  Book  No,  15641, 
pagei  1  through  49. 
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Procedure 


Lump  petalite  was  crushed  to  pass  a  4-mesh  screen,  and  portions  of  the 
crushed  material  were  calcined  for  5  hours  at  the  desired  temperature.  The  ma¬ 
terial  then  was  split  into  convenient  sieve  sizes. 

The  batch  compositions  were  weighed  and  then  dry  mixed  for  5  minutes  in  a 
planetary  mixer*.  Sufficient  liquid  then  was  added  to  bring  the  mixture  to  cast¬ 
ing  consistency  and  the  wet  mass  was  mixed  for  about  5  additional  minutes.  The 
mixture  then  was  poured  into  1  x  1  x  5-1 /2-inch  brass  molds  and  vibrated  into 
place,  using  a  Syntron  vibrator** 

The  specimens  were  cured  for  24  hours  in  the  molds,  and  then  dried  over¬ 
night  at  140  F  followed  by  24  hours  at  250  F.  All  firing  was  done  in  air  in  a 
Globar-heated  furnace.  Modulus -of -rupture  data  were  obtained  by  midpoint  load¬ 
ing  of  the  cured  or  fired  specimens  on  a  5-inch  span.  Shrinkage  data  were  ob¬ 
tained  by  measurement  of  length  "as  cast",  dried,  and  cured. 


Results 


Batch  compositions  and  property  data  for  the  experimental  compositions 
are  given  in  Table  2,  On  the  basis  of  these  data,  it  was  concluded  that; 

(1)  Calcining  the  petalite  at  1200  or  1800  F  did  not  give  a  volume- 
stable  aggregate,  while  2000  F  did.  Petrographic  analyses 
confirmed  that  phase  changes  occurred  between  I6OO  and  2000  F. 

(2)  The  cured  and  fired  strengths  of  the  strongest  phosphate- 
bonded  composition  were  significantly  lower  than  those  of 
the  calcium  aluminate-bonded  compositions.  Calcium 
aluminate  is  indicated  to  be  a  more  satisfactory  bond  for 
a  petalite-based  refractory  castable. 

Composition  40  was  chosen  for  further  evaluation  by  Lockheed.  Results 
of  the  Lockheed  tests  are  recorded  in  Table  15,  Page  132,  Basic  Code  81,  and  are  sum¬ 
marized  here  as  follows: 


•  Model  C-100,  Hobart  Manufacturing  Company.  Troy.  Ohio. 

••  Model  VP  30,  Syntron  Corporation,  Hornet  City,  Pennsylvania, 
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Specimen  Number  81A.  I 


Linear  drying  size  change  (6  specimens)  +0.02  to  0.06% 

Size  change  after  firing  at  2000  F  {4  specimens)  -0.03  to  -0,08% 


Cured,  room-temperature  modulus  of  rupture  735  and  834  psi 
(2  specimens) 

Room -temperature  modulus  of  rupture  after  554  and  672  psi 

firing  at  2000  F  (2  specimens) 


Modulus  of  rupture  at  2000  F  (2  specimens) 


620  and  655  psi 


These  data  are  in  reasonable  agreement  with  those  obtained  at  Battelle  for 
this  material.  The  volume  stability  and  surface  finish  of  this  composition  com¬ 
pared  favorably  with  the  most  satisfactory  commercial  castables  evaluated,  but 
the  strengths  were  lower. 

Ten  commercial  castables  had  cvired  moduli  of  rupture  in  excess  of 
1500  psi,  seventeen  had  fired  moduli  of  rupture  in  excess  of  1500  psi,  and  five 
had  moduli  of  rupture  at  2000  F  in  excess  of  1000  psi. 

Thermal-shock  resistance  of  Composition  40  was  evaluated  at  Battelle, 
Five  1  X  1  X  5-l/2-inch  specimens  were  placed  in  a  furnace  at  2000  F  for 
15  minutes,  and  then  were  withdrawn  and  cooled  in  room-temperature  air  for 
15  minutes.  Four  of  the  five  specimens  withstood  10  cycles  of  this  treatment. 
The  fifth  specimen  broke  during  the  eighth  cycle.  The  modulus  of  rupture  of  the 
specimens  which  were  unbroken  during  the  thermal-shock  test  averaged  260  psi, 
or  about  40  per  cent  of  the  value  for  cured  specimens  not  exposed  to  thermal 
shock. 


Fused  Cordierite-Based  Refractory  Castable 


At  the  request  of  Lockheed,  a  few  preliminary  experiments  were  made  to 
judge  the  value  of  fused  cordierite  for  the  aggregate  in  a  low-expansion  refractory 
castable.  Fused  cordierite  was  obtained  from  the  Muscle  Shoals  Electrochemical 
Corporation  and  handled  in  the  same  way  as  the  petalite,  except  that  the  calcina¬ 
tion  step  was  not  necessary. 

These  trials  (see  Compositions  44,  45,  and  46,  Table  2)  indicated  that  this 
material  was  more  satisfactory  for  this  purpose  than  was  calcined  petalite. 
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The  higher  strength  obtained  with  Composition  44  (compared,  with 
Composition  40)  probably  is  related  to  the  strength  of  the  aggregate  itself,  rather 
than  to  changes  in  the  bonding  mechanism.  Preliminary  results  indicated  that 
calcium  aluminate  cement  can  be  used  as  a  bond  for  cordierite  more  satisfactorily 
than  phosphoric  acid  or  phosphoric  acid  and  aluminum  hydroxide. 


RECOMMENDATION  FOR  FUTURE  WORK 


While  the  best  of  the  castables  based  on  calcined  petalite  and  calcium 
aluminate  cement  did  not  meet  the  target  specifications,  it  is  suggested  that  con¬ 
sideration  be  given  to  trials  of  Composition  40  in  tooling  applications.  It  is  be¬ 
lieved  that  substantial  improvement  in  the  petalite  aggregate  could  be  made  by 
calcining  pressed  blocks  made  from  finely  ground  petalite  rather  than  calcining 
the  crude  lump.  The  calcined  block  would  then  be  crushed  and  screened  to  give 
the  desired  grain-size  distribution.  If  a  harder  and  stronger  aggregate  could  be 
made  this  way,  a  stronger  and  less  porous  castable  would  be  possible. 

It  is  recommended  that  research  be  continued  on  a  castable  based  on 
fused  cordierite. 
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TABLE  1.  SOURCES  AND  COMPOSITIONS  OF  RAW  MATERIALS 


Material 

Source 

Approximate 

Chemical 

Composition 

Petalite 

Foote  Mineral  Company 

Li20  -  4. 5  per  cent 

Philadelphia j  Pa. 

AI2O3  -  17.5  per  cent 

Si02  -  77.0  percent 

C-730  Aluminum 

Aluminum  Company  of  America 

AI2O3  ■  64.4  per  cent 

hydrate 

East  St.  Louis,  Ill. 

H2O  -  35.6  per  cent 

Phosphoric  acid 

J.  T,  Baker  Chemical  Company 

H3PO4  -  85  per  cent 

Phillipsburg,  New  Jersey 

H2O  15  per  cent 

Rodine  82 

Amchem  Products ,  Inc. 

Not  available 

Ambler,  Pa. 

(organic  liquid) 

Ammonitim  fluoride 

J,  T.  Baker  Chemical  Company 

NH4F 

Phillipsburg,  New  Jersey 

CA-25,  Calcium 

Aluminum  Company  of  America 

AI2O3  -  80  per  cent 

aluminate  cement 

East  St.  Louis,  Ill, 

CaO  -  20  per  cent 

Tennessee  No.  7 

Kentucky-Tennessee  Clay 

AI2O3  -  36  per  cent 

Ball  Clay 

Company 

Si02  -  48  per  cent 

Mayfield,  Kentucky 

Cordierite 

Muscle  Shoals  Electrochemical 

MgO  -  14  per  cent 

Corporation 

^2^3  -  35  per  cent 

Tuscumbia,  Alabama 

Si02  -  51  per  cent 
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TABLE  2.  BATCH  COMPOSITIONS  AND  PROPERTIES  OF  EXPERIMENTAL  CASTABLES 
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of 
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Effect  of  Firine 
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C-730 

Aluninem 

Hydrate 

H3PO4 
With  1% 
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Calcium 

Aluminate 

Cement 

Tennesse 
Ho.  7 
Ball 
Clay 

Water 
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..  .  _S00F  . 
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f 
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10 
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part  I  -  RETEST  OF  TEH  MATERIALS 


INTRODUCTION 


It  was  decided  by  the  Contractor  that  the  ten  (10)  materials  selected  In 
Phase  II  should  he  tested  again  as  in  Pliase  II. 

The  main  object  of  this  repeat  investigation  is  to  have  standards  of 
cos^iariBon  for  the  reinforcement  evaluation,  A  secondary  object  is  to  compare 
the  batch-to-batch  consistency  of  these  commercial  castables. 


raOCEDURE 


Specimens  of 

each  of  tl 

5A.1 

21C.1 

12E.1 

25A.1 

12F.1 

25B.1 

2QA.1 

39A.1 

20B.1 

io8a.i 

following  materials  were  cast  or  ramiOBd: 


The  same  placement  methods  were  used  for  these  specimens  as  vere  used  in 
the  previous  evaliiations  under  Phase  II  of  this  contract.  All  dry  materials 
were  blended  in  the  twin  cone  blender  and  wet  mixed  in  the  small  rotary  mixer. 
Materials  were  cast  in  2  l/2  x  4  l/P  x  9  inch  preclelon  aluminum  molds  which 
were  vibrated  at  10,000  cpm,  0,0005  amplitude  during  casting.  The  materials 
cast  in  this  iranner  include  5A.1,  12E.1,  12F.1,  2QA.1,  2QB.1,  39A.1  and  108a.1, 

Material  25A,1  was  mixed  in  the  Lancaster  Mix  Muller  and  slip  cast  in 
plaster  molds  without  being  vibrated.  For  25A,1,  the  binder  was  added  to  the 
grain  in  the  mixer. 

Ifeterial  25B.1  was  slip  cast  in  plaster  nolds  after  being  agitated  for  24 
hours  on  powered  rollers.  Small  amounts  of  this  naterlal  were  added  to  the 
Bffilds  periodically  as  piping  down  occurred. 


Material  21C.1  was  air  rammed,  as  received,  in  precision  aluminum  molds 
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All  •peciaeos  vere  cured,  dried  and  fired  as  indicated  "by  Table  19,  Page  238* 
IkTing  slxe  changes,  firlag  size  changes,  moduli  of  rupture,  and  surface  finish 
were  also  deteraioed*  Tbs  placing  techniques  describe  herein  are  applicable 
througl^ut  the  reoalnd^  of  this  phase  of  the  report. 


SISCUSSIQg  OP  RlOTiaS 


the  results  appear  in  Table  19* 

In  order  to  eas^mre  the  consistency  of  different  shiiiaents  of  each  of  these 
ten  co^MO’Clal  castables  (presuaed  to  be  different  'latches),  Table  20  was  pre¬ 
load,  The  table  sbovs  for  each  intended  use  category  the  percentage  ohani^  as 
based  oa  the  results  of  l^ble  15  -  in  other  eords,  the  difference  between  the 
initial  aaterial  end  the  reord«. 


CO»CI»8IOm 


I*  Oenorall^  speaking,  the  size  change  and  surface  finish  did  not  differ 
■igdfieaatly  between  the  batehas* 

2#  the  aodulas  of  rupture  differed  markedly  and  nostly  in  the  downward 
diraotloi  froB  the  initial  to  the  reorder  batch. 

3*  That#  results  substantiata  the  indication  found  in  Phase  I  that  far  too 
ameh  variation  exists  in  the  different  batches  of  particular  conaercial 
castable  rcfraetorieB, 


aKKaaegOATiois 


1,  TlM  variation  in  the  quality  froa  batch-to-bateh  of  eoameroial  castable 
refraetinrles  being  too  great,  specifications  for  such  aaterials  nust 
include  eh^cal,  sieve  aM  purticle  sha|«  definitions. 

2,  C(msid«r  the  results  as  giran  In  Table  15  as  being  oosm^olally  obtainable 
aft«r  suitable  quality  control,  even  on  a  reorder  basis. 
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PART  II  -  REIJlFORCEMENr  EVALUATION  -  PRELIMIHARY 


INTRODUCTION 


A  eerieB  of  elementary  tests  were  made  using  various  reinforcing  materials 
and,  arbitrarily  chosen,  castable  39A.1.  The  pui'pose  of  these  tests  was  to 
determine  the  feasibility  of  using  these  reinforcements  with  respect  to  fabri¬ 
cation  and  placement  technicLues  and  to  roughly  determine  the  degree  of  bonding 
between  the  reinforcement  and  the  castable. 

The  ceramic  reinforcing  materials  were  wet  with  water  prior  to  placement 
to  prevent  them  from  drawing  water  from  the  castable.  Several  of  the  ceramic 
reinforcements  were  wet  with  Ludox*^  (30^^  water  solut-'on  of  colloidal  silica) 
in  an  attempt  to  provide  an  intern^dlate  system  from  which  a  better  castable 
to  reinforcement  bond  uus  anticipated.  Results  indicated,  however,  that  the 
effect  of  Ludox  was  not  beneficial  in  this  respect ;  anc^  conseq^uently,  it  was 
not  considered  for  use  in  later  tests. 

References  28  thru  31  were  studied  for  guidance  in  this  evaluation. 


PROCEDURE 


Following  the  elementary  tests,  castable  5A.1,  because  of  availability  and 
being  representative,  was  xised  as  a  base  material  for  all  relnf orcemfints » 
Reinforcing  materials  used  as  indicated  in  Table  21,  Page  2lf0,  are  illustrated 
and  defined  in  Figures  86  thru  96,  Pages  253  thru  258. 

Rectangular  shapes  (3  I/2  x  8  inches)  of  ceramic  blanlset,  ceramic  cloth, 
screen  wire,  hardware  cloth  and  expanded  metal  were  placed  directly  in  the 
castable.  The  raw  ceramic  fibers  and  the  steel  wool  reinforcements  were  shaped 
by  hand  to  approximately  I/2  x  3  I/2  x  8  inches.  The  jierforated  metal  rein¬ 
forcements,  (3  1/2  X  8  inches)  were  prepared  by  drilling  3/8  inch  holes  through 
the  sheets  on  1  inch  centers.  Kovar**  rods  I/8  inch  diameter  by  8  inches  in 
length  were  cut  from  6  foot  lengths  of  material  as  received  from  the  vendor.  The 
Kovar  turnings  were  obtained  by  machining  a  2  1/2  inch  diameter  Kovar  bar.  They 
were  tiirned  from  the  bar  as  long  shavings  and  were  then  straightened  and  cut 
into  8  inch  lengths.  Their  cross-section  was  approximately  half-round  with  a 
cross-sectional  area  equivalent  to  a  I/8  inch  diameter  rod. 

Four  2  1/2  X  L  1/2  X  9  inch  specimens  were  cast  using  each  reinforcing 
naterlal  (see  Table  21 ), 

Pre-blending  of  each  bag  of  castable  was  accongsUshed  in  the  twin  shell 
blender  (Figure  65).  Each  specimen  from  material  5A.1  was  wet  mixed  Individually 
In  the  small  rotary  mixer  (Figure  66).  Mixing  water  was  held  constant  at  95^ 
of  the  dry  weight  of  the  castable. 


♦Product  of  E.  I.  Dupont 

♦♦Low  expansion  alloy  (5^/^  Fe,  28^  Ni,  10^  Co),  product  of  the  Carborundum 
Con5>any,  Refractories  Division,  Latrobe,  Pennsylvania 
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Relnforcementg  were  placed  aptroxisiatcly  l/s  inch  fron  the  bottom  of  the 
specimen.  This  was  accomplished  by  pouririg  In  l/2  Inch  of  castable,  placing 
the  reinforcement  and  then  filling  the  The  Kovar  rods  and  the  expanded 

aetal  tended  to  settle  to  the  bottom  surface  of  the  specimen  when  vibrated. 
This  condition  was  overcome  by  placing  stainless  steel  wire  feet  on  these 
specliienB  (see  Figure  97,  Page  259 )• 


All  specimens  were  covered  with  wet  burlap  immediately  after  casting  and 
allowed  to  cure  in  the  molds  overnight.  They  were  then  stripped  from  the  molds 
and  allowed  to  air  dry  at  room  temperature  for  24  hoiixs.  Additional  drying 
was  accoarpllshed  at  220  F  for  16  ho'urs.  Drying  size  change  and  modulus  of 
rupture  were  obtained  in  the  dried  state  on  two  specimens  of  each  reinforcement. 
Surface  finishes  were  noted. 

The  renmining  two  specimens  of  each  reinforcement  were  fired  to  1000  F  with 
a  4  hour  soak.  Total  size  change  and  tjodulus  of  rupture  were  obtained  on  these 
fired  specimens.  Fired  surface  condition  was  noted  (see  Table  21,  Page  240). 


DISCUSSION  OF  RESULTS 

The  results  are  in  Table  21, 

CaBtable~to-relnforcement  Bond 

Reinforcements  can  be  divided  into  three  groups  with  respect  to  relative 
degree  of  bonding,  excellent,  gocd  and  pour.  Those  in  the  excellent  group 
Include  expanded  metal,  Ko-^mr  turnings  -  perforated  metal,  and  screen  wire. 

Reinforcements  exhlblt-ing  gcnd  bonding  ability  were  Kovar  rods,  ceramic 
blanket  and  ceramic  cloth.  The  material?  which  bonded  poorly  with  the 
castable  were  the  raw  ceramie  fibers  and  steel  wool. 

The  poor  bonding  of  the  steel  vocl  and  loose  ceramic  fibers  actually 
weakened  the  specinKJis  because  large  void?  were  introduced  by  the  inability 
of  the  ceramic  to  bond  with  the  castable  (see  Table  21), 

Strength 

Table  22  has  been  prepared  to  facilitate  the  reduction  of  the  strength 
data  of  Table  21.  The  increase  in  dried  modulus  of  ruptxire  due  to  rein¬ 
forcement  ranged  from  zero  psi  to  approximately  900  psl.  The  ceramic 
blanket  and  cloth  reinforcements  were  nearly  as  effective  as  the  metallic 
imtenals  in  the  unfired  specimens.  After  firing  to  1000  F,  however,  the 
ceramic  reinforced  specimens  were  slightly  weaker  in  mod’olus  of  rupture  than 
the  unfired  specimens  containing  the  same  reinforcenent •  and  all  ceramic 
reinforced  imterials  were  eonelderablv  weaker  than  the  metallic  reinforced 
specimens  after  firing.  The  three  epecimens  ehowlng  greatest  strength  after 
firing  to  1000  F  were  those  ccntalning  perforated  metal,  expanded  metal,  and 
Kovar  turnings  (see  Figures  92,  93,  and  95).  The  Kovar 'rods  did  not 
produce  as  high  a  strength  as  the  t’jrnlngs. 


CONCLUSIONS 


1.  Cersaic  reinforcements  offer  no  great  advantage. 

2.  Perforated  metal  and  Kovar  turnings,  as  reinforcements,  appreciably 
increase  the  strength  of  unfired  specimens. 

3.  Ceramic  reinforcements  are  a  detriment. 

Kbvar  turnings  and  rod,  expanded  metal  and  perforated  metal  enhance 
the  strength  of  fired  specimens. 

RECOMMENDATIONS 

1.  Discard  all  ceramic  reinforcenents. 

2.  For  unfired  tools,  consider  perforated  metal  or  Kovar  turnings  as  a 
reinforcement . 

3.  For  fired  tools,  consider  expanded  metal,  Kovar  turnings  or  perforated 
metal  as  a  reinforcement. 


PART  III  -  REINFORCEMENT  EVALUATION  -  PINAL 


INTRODUCTION 


It  was  decided,  for  the  purpose  of  the  reinforcement  investigation,  to 
reduce  to  five  the  ten  materials  previously  selected  as  representing  the  top 
prospects , 

Of  the  fo\ir  calcium  alumlnate  bonded  materials,  5A.1,  12E.1,  12F.1  and  20B.1, 
three  were  arbitrarily  chosen  for  continued  study.  These  three  materials  were 
5Aa,  12E.1  and  12F.1, 

Two  other  materials  were  selected  from  the  original  list  of  ten,  bringing 
the  number  of  mterials  to  be  studied  further  to  five.  Material  25A.1  was 
selected  over  25B.1  because  of  its  easier  workability.  Material  108a.1  was 
picked  for  the  following  reasons; 

1,  It  represents  the  phosphoric  acid  bonded  types, 

2,  Contrary  to  most  phosphoric  acid  bonded  materials,  it  is  not  placed 
by  ramming, 

3,  It  has  the  highest  composite  linear  worth  value  of  any  material  tested. 
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Bovar  rods  rather  than  turnings,  because  of  availability,  and  expanded  laetal 
were  chosen  for  evaluation  with  the  five  selected  castables  in  a  mnner  repre¬ 
senting  the  anticipated  end  use  of  the  pej'tlc\ilar  castable. 


EROCEDUEE 


fhe  reinforcements  were  3 A  inch.  Number  9  expanded  metal  and  1/8  inch 
diameter  Kovar  rod  (see  Figures  9^  and  96j  Pages  257  and  258), 

Except  for  material  12E.1,  from  which  seven  each  specimene  were  made,  ten 
2l/2x4l/2x9  inch  test  specimens  were  cast  from  each  of  the  five  selecrted 
castables  for  each  of  the  two  reinforcements,  resulting  in  a  total  of  9^ 
specimens.  The  materials  were  mixed  and  placed  as  previously  mentioned  except 
that  25A.1  was  also  cast  in  aluminum  molds. 

The  molds  were  first  filled  approximately  I/2  inch  deep  so  that  the  rein¬ 
forcing  material  could  be  inserted.  The  reinforcements  were  placed  as  shown 
in  Figure  97*  Next,  the  mold  was  filled  to  capacity  aoi  the  vibrating  period 
commenced. 

The  expanded  metal  iras  cut  into  3  l/2  x  8  inch  rectangles.  The  I/8  inch 
diameter  Kovar  rods  were  cut  into  8  inch  lengths  and  knurled  on  four  sides, 
with  a  special  device,  to  give  them  a  rough  surface  finish  approximating  turnings. 
One  piece  of  expanded  aetel  or  three  lengths  of  Kovar  rod  were  placed  in  each 
reinforced  ceramic  specimen  (see  Table  23,  Page  2h2), 

After  casting,  the  molds  were  placed  on  a  level  surface  at  room  terperature 
for  2k  hours.  The  5A,1,  12E.1  and  ISF.l  products  were  covered  with  dang?  burlap 
during  this  curing  period.  The  25A.1  and  IO8A.I  products  were  left  uncovered. 

All  of  the  specimens  were  then  carefully  removed  from  the  demountable  molds  and 
dried  for  24  hours  at  room  tenperature.  Specimens  were  then  dried  In  a  forced 
draft  oven  at  220  F. 

After  drying,  the  specimens  were  measured  to  determine  drying  size  change. 

The  5A,1  and  12F,1  naterials  were  fired  to  1000  P  at  the  rate  of  200  P/hr. 
and  held  at  the  temoerature  for  foiir  hours.  The  I06A.I  material  was  fired  to 
1000  F  at  the  rate  of  50  p/hr,  to  600  F  and  then  150  p/hr.  on  to  1000  P.  It 
was  held  at  1000  F  for  four  hoxirs. 

AH  of  the  fired  specimens  were  measured,  after  removing  from  the  oven  and 
cooling  to  room  tenperature ,  to  determine  firing  size  change. 
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DISCUSSION  OF  RESUIZTS 


The  results  are  in  Table  23*  Table  2h  has  been  prepared  to  aid  the  analysis 
of  data  in  Table  23* 

All  of  the  12B.1  specimens  were  tested  in  the  as-dried  condition.  The 
properties  of  this  material  are  such  that  very  little  strength  is  gained  by 
firing.  This  material  is  proposed  for  usage  where  size  or  other  conditions  of 
the  die  make  it  Inpractical  to  fire.  Also  the  length  of  elevated  tengierature 
exposure  time  would  be  held  to  a  miniinuia  when  using  this  product  for  forming 
tools  such  as  draw  dies,  stretch  form  blocks,  etc. 

The  5A,1  and  12F.1  products  were  tested  in  both  the  dried  and  fired  con¬ 
ditions,  There  is  a  substantial  increase  in  strength  after  firing.  These 
materials  are  intended  for  moderate  temperature  applications  or  for  applications 
where  the  exposinre  time  at  high  ten^erature  is  brief. 

The  25A.1  and  108A,1  materials  were  tested  in  both  the  dried  and  fired  con¬ 
ditions  but  they  are  primarily  intended  for  sustained  elevated  temperature 
applications.  The  test  results  of  the  25A.1  material  Indicate  that  this  low 
thermal  expansion  material  is  not  suitable  for  use  with  the  relatively  high 
thermal  expansion  steel  reinforcement  (see  Figure  98 )• 

Since  expanded  metal  (mild  steel)  generally  exhibited  good  results,  the 
Contractor  feels  that  mild  steel  rods  similar  to  structural  concrete  reinforcing 
rods  should  be  considered  for  use  In  lieu  of  Kbvar  rods.  Such  a  step  would 
greatly  reduce  the  cost  of  reinforcement  materials. 


COKJMJSIONS 


1.  For  all  materials  but  25A,1,  expanded  metal  is  a  better  reinforcement  than 
Kovar  rods, 

2.  Kovar  rods  are  suitable  reinforcements  for  25A.1,  but  their  contribution 
to  strength  is  debatable, 

3.  Of  the  naterials  tested, 5A,1  was  aided  most  by  reinforcement, 
k.  The  effect  of  reinforcements  on  12E,1  and  12F.1  was  slight, 

5,  Firing  improved  the  strength  of  reinforced  specimens  of  5A.1,  12P.1  and 

•  1 , 

6,  Firing  drastically  decreased  the  strength  of  reinforced  IOBa.I  specimens, 

7,  As  evidenced  by  the  behavior  of  expanded  metal  in  25A.1,  reinforcements 

for  this  low  coefficient  of  expansion  material  must  also  have  low  coefficients 
low  carbon  steel  does  not. 
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RECOfMaiDATIOl® 


1.  Knurled  Kovar  rods  (or  turnings)  be  considered  as  a  reinforcen»nt  for  25A.1. 

2.  Use  mterials  12E.1  and  12P.1  without  reinforcements. 

3.  Use  material  108a.1  unreinforced  for  unfired  tools  used  at  room  temperature. 

h»  Use  low  carbon  steel  as  a  reinforcement  for  material  5A.1. 

5.  Because  of  its  lower  cost,  consider  using  mild  steel  in  rod  form  (rein¬ 
forcing  rods  for  reinforced  concrete)  for  reinforcing  castables  such  as 
5A.1. 

PAST  IV  -  WE&R  TEST 


lOTRGDUCTIOH 


As  a  part  of  the  preliminary  evaluation  of  materials  fgj^-^toipllQg  purposes, 
the  effects  of  movement  of  hQi_IlI.QO-.£l-aetal  QVer  the  .surface  of  the  castables 
n^le¥'*to~l»e^tudiedir~ To”  satisfy  this  need  an  accelerated  wear  test  was  devised. 


PROGEDUHI 


The  experimental  hydraulic  press*  was  fitted  with  platens  which  were  provided 
with  fittings  to  clamp  a  pair  of  2  l/2  x  4  l/2  x  9  inch  ceramic  specimens  In 
position  (see  Figures  99>  ICO  and  101,  Pages  26l  and  262).  The  specinens  were 
held  so  that  a  4  l/2  x  9  inch  face  of  each  could  be  placed  to  sandwich  the  hot 
metal  blank.  The  blank  was  held  In  the  electrode  Jaws  of  the  tension  frame  and 
stretched  tightly  by  means  of  the  cylinders  attached  to  the  Jaws.  The  cylinders 
were  actuated  with  air  for  this  test  to  make  the  speed  of  blank  movement  nrore 
nearly  simulate  that  used  in  production  drawing.  Automatic  controls  were 
Installed  to  make  the  reciprocation  tljiK  constant.  Fifty  (50)  strokes  in  56 
seconds  gave  a  speed  of  notion  of  approximately  22  feet  per  minute. 

Temperature  control  of  the  blank,  which  was  heated  by  its  own  resistance  to 
electric  ciirrent,  was  accomplished  by  a»ans  of  a  chromel-alunel  thermocouple 
attached  to  the  sheet  and  a  recording  potentiometer.  Current  input  was  controlled 
manually  to  maintain  the  sheet  at  teinperatxa'e, 

Thenaocotiples  imbedded  in  each  specimen  were  attached  to  a  four-channel 
recording  potentiometer  to  indicate  teinperature  change  during  -ttie  test. 


♦See  Exhibit  6,  Page  275 
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One  thersajcouple  was  placed  in  tl«  middle  of  the  bottom  surface,  vith  respec 
to  the  specimen  mold,  and  another  was  placed  approximately  at  the  center  of  the 
specimen  as  shown  in  Figure  101,  Page  262.  The  bottom  thermocouple  was  posltio 
before  the  msld  was  initially  filled  and  the  center  one  was  positioned  after  the 
reinforcement  had  been  placed.  The  wires  were  led  out  of  the  side  of  the  speci~ 
i!«n  in  such  a  manner  that  the  internal  positions  of  the  thermocouple  hot  junctlo: 
were  known. 

Metal  blanks  were  prepared  of  ,031  x  10  x  38,  inch  420  CRES  by  attaching  a 
thermocouple  to  each  in  an  area  not  to  be  contacted  by  the  ceramic  specimen 
during  the  test.  The  blank  was  claiig)ed  in  the  Jaws  of  the  tension  frame  and  the 
upper  platen  lowered  to  make  a  sandwich  of  the  retal  between  the  specimens.  To 
provide  some  lubricatior^  at  1700  EJ  powdered  talc  was  rubbed  into  the  wear  sur¬ 
face  of  the  specimens  and  dusted  over  the  faces  of  the  metal  blank* 

The  pressure  applied  to  the  sandwich  was  held  at  a  constant  value  for  each 
test.  The  construction  of  the  press  allowed  stops  to  be  used  to  limit  the  down¬ 
ward  movement  of  the  ram.  This  left  the  weight  of  the  upper  specimen,  specimen 
holder,  platen,  and  platen  holder  bearing  on  the  u^tal  and  lower  specimen.  This 
weight  determined  by  a  dynaBometer  was  525  pounds. 

When  the  press,  metal  sheet,  and  specimens  were  in  position,  electrical 
power  was  txa-ned  on  and  the  tenperature  of  the  sheet  was  increased  to  I7OO  F, 
and  maintained  throughout  the  test.  Upon  reaching  I7OO  P,  air  pressure  was 
supplied  to  the  cylinders  and  reciprocation  commenced.  After  50  strokes,  the 
air  supply  and  electrical  power  were  cut  off,  the  press  raised,  and  specimens 
and  sheet  removed  for  Inspection  (see  Figure  102,  Page  263),  A  new  sheet  of 
metal  was  used  for  each  pair  of  specimens. 

Material  5A.1,  with  expanded  metal  reinforcement,  was  cycled  98O  times  which 
produced  no  further  signs  of  wear  (either  by  size  change  or  by  surface  finish 
change)  than  that  given  by  50  cycles. 


DISCUSSION  OP  RESUITS 


The  results  are  in  Table  23,  Table  25  has  been  prepared  to  aid  the  analysis 
of  the  wear  resistance  data  of  Table  23, 

This  test  again  shoved  the  futility  of  trying  to  p\rt  a  steel  reinforcement 
in  system  25A,1,  which,  being  fused  silica,  has  a  very  low  coefficient  of  thermal 
expansion.  It  also  showed  that  a  low  expansion  metal  like  Kovar  will  not  always 
work  as  a  reinforceMsnt, 

AH  specimens  showed  narked  signs  of  wear  with  the  25A.1  specimens  showing 
least.  Wear  occurred  as  frictional  scoring  in  the  direction  of  motion  and  as 
spalls  or  pits  caused  by  heat.  The  metal  sheets  in  each  test  were  heavily 
narked  and  galled. 
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The  tvo  indices  of  war;  namely,  change  in  surface  finish  and  size  change, 
gave  corroborating  evidence.  There  is  a  rou^  inverse  correlation  between  the 
two  indices  of  wear  and  thermal  conductivity.  Good  wear  resistance  accoE5>anie8 
poor  thermal  conductivity. 

If  the  behavior  of  system  5A.1  is  typical,  it  would  appear  as  though  the 
signs  of  wear  occur  early  and  do  not  process  any  throu^  an  escposure  20  times 
the  initial# 

The  data  from  the  50  cycle  test  indicate  that  tool  life  will  be  short  where 
a  forming  operation  requires  hot  metal  to  slide  on  the  surface  of  a  ceramic  tool 
(see  Figure  102,  Page  263).  T^lc,  used  as  a  hot  lubricant,  did  not  provide  enough 
lubrication  to  protect  the  tool  or  the  part# 


COHCKJSIOHS 


1,  AH  specimens  showed  signs  of  wear  and  all  specimens  scored  the  metal. 

2,  Talc,  the  only  lubricant  tried,  did  not  provide  sufficient  lubrication. 

3,  Wear  on  system  5A.1  did  not  progress  in  98O  cycles  beyond  that  which 
occxarred  in  50  cycles. 


RECCtt«EM)ATIONS 


1.  As  the  correlation  between  this  test  and  the  happenings  which  will  occur 
during  the  actual  use  of  a  forming  tool  (such  as  a  draw  die)  is  unknown, 
pursue  this  no  further  until  such  time  as  a  measure  of  the  usefullness  of 
the  wear  test  is  kncnm, 

2,  Determine  what  lubricants  wuld  be  useful  in  this  application. 


PART  V  -  WEATHBRIHG  TEST 


IKTRODUCnOM 


For  storage,  it  is  desirable  to  .taow^how  weathering  might  affect  castable  ^ 
r efraetPr^f... tool^  JpSSdJ^iyi  the  effects  of  weaiEer  as  8iiauiated'’by’'’W‘eatlSr- 
Ometer  ^nd  freeing  and  thawing  tests  were  studied.. 


The  object  of  this  test  was  to  evaluate  the  influence  of  outside  storage  on 
castable  refractories. 
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PROCEDURE 


Weather -Ome ter  Test 


Two  Weather»Onieters  were  wsed  In  a  weathering  test  for  exposing  the  castahle 
refractory  specimens  to  simulated  outdoor  storage  conditions.  An  Atlas  Electric 
Devices  Coaroany  No.  13-945  GIA  529  Cam,  produced  the  following  exposure  cycle  at 
a  temperature  of  140  £  5  Fs 

1  hour  water  spray  only 

2  hours  light  only 

2  hours  water  spray  only 

6  hours  light  only 

The  Weather -Oaeters  are  Atlas  Electric  Devices  Company’s  Models  DLTS-X  and 
SL-TS.  The  Weather -Ometer,  shown  In  Figure  103,  Page  264,  is  a  self-contained 
artificial  and  accelerated  weather  producer  embodying  control  over  temperature, 
simulated  rain  and  sunlight. 

The  Weather -Ometer  operates  on  the  principle  that  if  a  light  source,  whose 
total  radiation  approximates  noon  June  sunlight,  shines  on  the  surface  of  a 
specimen,  under  a  controlled  temperature  and  is  followed  by  a  water  spray  of 
known  temperature,  pressure, and  volume,  the  exposed  specimen  will  acq.uire  surface 
and  color  characteristics  similar  to  those  produced  naturally  hut  in  about  l/25th 
of  the  time  re<iuired  for  outdoor  exposure. 

A  special  adaptor  was  desimed  and  built  to  enable  the  simultaneous  exposure 
of  15  standard  brick  size  (2  1/2  x  4  l/2  x  9  Inch)  specimens.  See  Figure  104, 

Page  265,  for  the  adaptor  and  Pigwe  105,  Page  266,  for  the  loaded  Weather -Ometer. 

After  an  initial  examination  of  the  specimens  for  weight  and  sxirface  appear¬ 
ance,  they  were  loaded  in  the  Weather -Ometers  and  given  one  exposure  cycle  per 
day  for  15  days.  Each  day  the  specimens  were  checked  for  changes  in  appearance 
as  shown  by  chalking,  color  change  or  cracking.  At  the  conclusion  of  the  teat 
the  specimens  were  again  weighed,  examined  for  surface  finish,  and  checked  for 
strength  (modulus  of  rupture).  See  Table  26,  Page  246. 

Freezing  and  Thawing  Test 

Simulated  outside  storage  tests  were  performed  to  evaluate  the  specimen’s 
ability  to  withstand  outside  conditions.  The  equipsjent  used  is  shown  in  Figures 
106  and  107,  Pages  266  and  267.  After  an  initial  examination  for  weight  and 
surface  appearance,  the  specimens  were  placed  in  a  freezing  chamber  at  a  temper¬ 
ature  between  0  and  32  F  for  twenty  hours.  At  the  end  of  this  tlna,  the  specimens 
were  reaeved  to  a  room  tei^erat\ire  environment  for  four  hours.  The  freezing  and 
thawing  procedure  was  repeated  19  more  times,  which  aiaounted  to  five  weeks  testing. 
Visual  examination  of  the  specimens  was  made  each  week  for  change  in  appearance  as 
denoted  by  chalking,  color  change  or  cracking.  At  the  conclusion  of  the  test,  the 
specimens  were  agiin  weighed,  examined  for  surface  finish,  and  checked  for 
strength  (modulus  of  rupture).  See  Table  27,  Page  248, 
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The  freezing  eqLUipment,  Figure  106,  Page  266,  le  "Alpha  Low-Tenqperature" 
manufactured  hy  Alpha  Electric  Refrigeration  Company,  Detroit  3,  Michigan. 

It  has  a  chamber  large  enough  to  hold  45  brick-size  specimenB.  The  tecgpera- 
ture  can  be  controlled  to  £  5  F  tbroxighout  the  rein^,  32  F  to  -80  F. 


DISCUSSION  OF  BESm/K 


The  results  of  the  Weather-Oaeter  test  are  in  Table  26  and  the  results  of 
the  freezing  and  thawing  test  are  in  Table  27, 

Tables  28  and  29  have  been  prepared  to  aid  in  the  analysis  of  the  Weather- 
Cteieter  and  freezing  and  thawing  data. 

Neither  surface  finish  nor  weight  change  were  significant  factors.  All 
mterials  absorbed  a  small  amount  of  water.  The  modulus  of  rupt\a:e  values  were 
very  erratic,  but  they  do  indicate  mterlals  25A,1  and  108a,1  to  be  more  stable 
than  the  calcium  alumlnate  bonded  materials  (5A,1,  ISE.l  and  IS".!)  In  the 
Weather-Ometer  testj  and  material  108a,1  to  be  definitely  the  most  stable  in 
the  freezing  and  thawing  test. 

No  differentiation  was  evident  between  the  two  reinforcements. 

System  12F.1  chalked  slightly  in  both  tests. 


CONCmSIOBB 


1.  The  accelerated  ejqposure  tests  as  determined  by  surface  finish,  weight 
and  chalking  indicate  no  significant  influence  of  the  weather  upon  the 
castable  refractories  tested, 

2,  The  accelerated  exposure  tests  as  determined  by  modulus  of  rupture  give 
data  too  erratic  for  analysis. 


REC(»®DSHDATI0BS 


1.  Due  to  the  extreme  erraticness  of  the  strength  data  irtiich  conceals  any 
significant  harm  which  outside  storage  exposure  may  produce  In  a 
castable  refractory  system,  it  is  recommended  that  such  systems  not  be 
stored  outside. 

2.  If  storing  outside  must  be  done  It  Is  recommended  that  the  castable  be 
protected  from  water. 
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PART  VI  °  mRM&L  SHOCK  TEST 

INTRODUCTION 


Thermal  Bhoch  tests  vere  run  to  determine  the  relative  resistance  to  rapid 
heating  and  quenching  of  the  uaterials  considered  for  the  tooling  evaluation. 


PROCEDURE 


Two  separate  tests  were  made.  In  the  first  test  two  2  l/2  x  4  l/2  x  9 
inch  hriclc  specimens  of  material  5A<.1,  12E.1,  25A.1,  SlA.l  and  122B.i  were 
used.  With  the  exception  of  the  25A,i  material,  all  specimens  were  unflred, 
but  220  F  dried,  before  testing.  The  25A.1  briclts  were  fired  according  to 
the  standard  schedule  for  that  material,  as  Indicated  In  Table  15,  Page  129. 

The  specimens  were  heated  to  1S5O  P  at  a  rate  of  400  F/hr,  for  the  first 
hour  and  then  at  320  P/hr,  to  test  tenperature.  They  were  held  at  I85O  F 
for  20  minutes. 

The  first  five  spall  cycles  consisted  of  removing  the  specimetiB  from  the 
kiln  and  placing  them  in  a  blast  of  room  temperature  air  for  10  minutes  (see 
Figure  108,  Page  267)  followed  by  reheating  to  I85O  F  for  10  minutes. 

The  last  five  cycles  were  identical  to  the  first  five  except  that  a  fine 
spray  of  water  was  used  instead  of  the  air  blast  . (see  Figure  I09). 

The  specimens  were  observed  fc*r  cracking  after  the  10  cycles,  completing 
the  first  test. 


In  the 

second  and  more 

specimens , 

were  evaluated; 

5A 

25A 

8b 

7QB 

12E 

71® 

12F 

81A 

20® 

ioSa 

21A 

122® 

exhaustive  test  the  following  materials,  using  new 


The  specimens  were  put  in  a  cold  furnace,  brought  up  to  ten®eratvire  in 
three  hours,  soaked  for  two  hours  at  2000  F,  removed,  allowed  to  cool  to  near 
room  teiig?erature  and  examined  for  signs  of  deterioration.  This  cycle  was 
repeated  10  times  with  photographs  taken  after  the  fifth  and  tenth  cycles. 
(The  photograph  of  the  specimens  from  materials  8b  and  7IB  after  the  fifth 
cycle  was  Inadvertently  missed.)  See  Figures  110,  113,  II6,  119  and  122|  and 
Figures  111,  114,  II7,  120,  123  and  125, 


Page  23? 


The  speciffleas  were  given  t%ro  more  cyelee  in  which  they  were  heated  by 
placing  in  a  I500  F  furnace,  soaked  one  hour  at  2000  P,  quenched  In  55  f 
tap  water  for  30  seconds  and  examined  for  signs  of  deterioration.  The  13th 
through  15th  cycles  were  the  same  as  the  Uth  and  12th  except  that  water 
quench  time  was  90  seconds.  Figures  112,  II5,  II8,  121,  124  and  126  are 
photographs  taken  after  the  15th  cycle. 


RESUIflB 


During  the  first  test  the  5A.1  and  12S.1  specimens  cracked  q^uite  exten¬ 
sively.  These  cracks  were  very  fine  and  limited  to  the  surface. 

The  8IA.I  and  122B.1  specimens  exhibited  a  few  hairline  sxtrface  cracks 
in  the  first  test. 

Material  70B  became  so  badly  cracked  and  broken  that  it  was  discontinued 
after  the  tenth  cycle.  Material  108A  cracked  and  broke  during  the  15th  cycle 
of  the  second  testj  however  it  was  the  fifth  best  product  at  the  end  of  the 
l4th  cycle. 

The  25A.1  specimens  were  totally  unaffected  by  both  thermal  shock  tests. 
Table  No.  30  tabulates  the  results  of  the  second  test. 


CONCIUSIOHS 


1.  Ifeterlal  25A.1  is  definitely  superior  to  all  others  tested  with  respect 
to  thermal  shock  resistance. 

2.  Non-conmercial  formulation  122B.1,  developed  by  Georgia  Tech  under  this 
contract,  is  second  to  23A.1  in  therml  shock  resistance.  (See  Table  30 
for  relative  thermal  shock  resistance  for  all  formulations  tested.) 

3.  Materials  5A  and  121  (which  were  extensively  evaliiated  in  later  phases)  would 
not  be  suitable  for  use  in  applications  involving  severe  thermal  spall 
coffiSltlons  such  as  heat  treat  fixtures  where  cross  section  thicknesses 
greatly  in  excess  of  2  l/2  Inches  are  involved. 

4.  Jfaterlala  25A.1,  122B.1,  8b.1,  71B.1,  3A.1,  21A.1  and  lOSA.l  (for  l4  cycles) 
would  be  suitable  for  use  in  applications  involving  thermal  spall  conditions. 
In  this  respect  materials  8IA.I,  12S.1,  2CS.1  and  12F.1  voold  be  sosMwhat 
less  suitable. 


KKOWgHDATIOro 


For  applications  requiring  maximum  thermal  shock  resistance  use  Material 
25A.1. 


OH 
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rhoaphorlc  Acid 

1  aicute  - 

-1.32 

■ 

-1.33 

1172 

.. 

3 

-23 

% 

Vibration  Tliae 

24  hra.  at  220F 

Cee  no  solattire 
for  H.T.  Qm, 

-.96 

A 

-1.27 

U95 

3 

t—  -  - 

L _ 

PHYSICAL  PROPERTY  COHSISTENGY  EVALUATION 


?HO?E3TrES  AS  REKEtSD  HT  TA3L3 


J15 _  . 

.  .  .  19 _ 

?=ac7:n: 

OF  su?rra2  | 

tnxAB. 

’  sizs  cha::gs  j 

SUHFAC2' 

(a.\30  0: 
•'’'.3LS 

I2J _ 

FBiD 

H.T. 

?msD 
2000  ? 

Vi<STS 

VAX.US 

APSE 

ORrns 

AB-tSB 

FOUTG 

FIinSH 

i 

1  C:CI22D 

BB 

L'H 

V.MJUZ 

1929 

6.10 

1 

-0.05 

3 

1 

1 

12PI 

3.60 

-*1,0 

2272 

S.60 

-0.01. 

1  1 

19B6 

t 

j  6.k9 

-  ^.6 

1398 

h.h6 

♦0.03 

i  2 

958 

1 

3.02 

-32-3 

768 

2.09 

>0.12 

! 

'  3 

55* 

1.15 

-*5.0 

Its? 

3.80 

-0.1? 

1 

1 

3 

90 

2.30 

-39-5 

2312 

6.6t 

1  -0.18 

3 

1T38 

U..83 

-2fi.5 

238? 

T,t2 

i  -0.08 

2 

22l|? 

7.02 

-  5.* 

iosi* 

2.®4. 

-0.12 

3 

1113 

3.Q1-  ! 

*  9.5 

135a 

3.6k 

1  -0.21 

1 

tos? 

2.76 

-24.2 

1 

urik 

2.55 

f  4HHh 

^  -1.2S 

3 

1 

1 

! 

1 

1 

1 

1 

i 

u.?* 

3.5a 

.„«.4...:;.-k.'.  .u  ,‘^a._.*'. 


nx~r 


TABI£  21  .  DATA  ON  REINFQRCEJffiKTS 


Sl>ECtMCM 

NUMUM 

ttCiM^ORCEMCNT 

AND 

HlTTlNtt  MCNT 

— 

AOONCSSTE 

awfi 

•itvoefl 

MiKina 

HATIK 

% 

pLAccwe^r 

rrcHNiQuK 

cuama 

ANO 

OATINa 

pAocccuae 

Fieint 

tKMSCRATUMK 

•f 

FiAjes 

Size 

CHAffOe 

% 

MOOUUWt 

OF 

AUPTgMC 

Af  AT  Ftl 

tURFACe 

FINISH 

eCMARKS 

5A.l-2i 

Rav  Ceraalc  Fiheri 

Tub  Alar  A’^ianioa 

.  9 

Cast 

24  hra.  at  R.T. 

-.13 

1531 

z 

-75 

Short  Staple  Fine 

plus 

* 

1  minute  - 

*.cr7 

_ 

i  '31 

2 

-^6 

CsIcl'Jis  lluoinate 

n 

Vibration  Time 

16  hrs.  at  ZJffi- 

-.08 

iOOO 

-.06 

141? 

1 

-27 

Water 

V 

12  J.ln.  (rsax. ) 

♦.06 

1000 

1344 

1 

PlaA;ei3>ent  Time 

5Aa-23 

Ceraimic  Fiber 

Tuba.l-a"  Aliaina 

9 

CtLSt 

24  hr*,  at  R.T. 

♦.11 

_ 

1605 

1 

Woven  BlsjUcet 

plus 

n 

1  minute  - 

♦.10 

1693 

1 

-30 

Calciusj  Aluaiaato 

Vibration  Time 

16  hrs,  at  22CS' 

♦.10 

1000 

-.03 

II?5 

1 

-31 

Water 

» 

12  Hla.  (max.) 

-.09 

1000 

-.06 

1437 

1 

Placement  Time 

5A.1-32 

Ceramic  Fiber 

Tubular  Alurloa 

9 

Cast 

24  hrs.  at  R.T. 

*.02 

1693 

1 

-33 

Wo-ven,  Cloth 

plus 

tt 

1  Binuta  - 

♦.02 

1320 

2 

-34 

Calcl’jTO  ll-minate 

H 

Vibration  Tine 

16  hrs,  at  220? 

♦aOl 

1000 

-.12 

1952 

1 

-35 

Water 

" 

12  Kdn.  (mx.) 

-.02 

1000 

-.10 

1568 

1 

Flacanent  Time 

5A.1-36 

Steel  Wool 

Tubilir  Alurina 

9 

Cast 

26  hra.  at  R.T. 

♦.03 

_ 

161S 

3 

-37 

plus 

n 

1  ffllnuto  - 

*.Q1 

_ 

1176 

3 

-3o 

CalciuD  Alisclmte 

" 

Vibration  Time 

16  hra.  at  ZSOF 

-.04 

1000 

-.09 

1331 

1 

i 

-39 

12  Kin.  (max,) 

-.01 

1000 

-*03 

1348 

2 

Placeoent  Tice 

5A.1-40 

Screen  Wire 

Tubular  Alucioa 

9 

Cast 

24  hrs,  4t  R.T. 

-.03 

1232 

2 

-U 

plus 

1  minute  - 

-.01 

1730 

2 

-42 

CalsluQ  ll'iSinate 

* 

Vibration  Time 

16  hra.  at  220F 

.0 

1000 

-.08 

2096 

2 

-43 

• 

12  Kin.  Cuiax.) 

♦.13 

1000 

♦.oe 

1895 

2 

Time 

5A-1-.U 

Hartlware  Cloth 

Tubular  Alumina 

9 

Cast 

24  lirs.  at  R.T. 

-.01 

1447 

2 

-45 

plus 

» 

1  iniaute  - 

♦.02 

1493 

3 

-46 

Calcium  Aiuttiaate 

fl 

Vibration  Time 

IS  hrs.  at  22aF 

♦,02 

1000 

-aCf? 

^  1322 

3 

-47 

» 

12  Min.  (e&x.) 

-.04 

1000 

-.08 

1876 

1 

Placemeat  Time 

5A.l-4a 

Perferrated  Hetal 

Tubular  AluBloa 

9 

Cast 

24  hra.  at  H.I. 

♦.10 

2259 

2 

-49 

Sheet 

plus 

• 

1  minute  - 

-.01 

1969 

3 

-50 

Calcluc  Aliminate 

" 

V'iferaticn  Tljae 

16  hrs.  at  22aF 

-.03 

1000 

-.02 

2645 

3 

-51 

12  Min.  (max.) 

-.02 

1000 

-.02 

2660 

3 

Placement  Time 

5A.1-52 

Expanded  Metal 

Tubular  Almlna 

9 

Cast 

24  1^9.  at  R.T. 

-.06 

1232 

3 

-53 

plus 

V 

1  minute  - 

♦.02 

U76 

2 

-54 

Calcium  Al^adnata 

* 

Vibratloa  Tia« 

16  hra.  at  220? 

-.01 

1000 

-.06 

2430 

2 

-55 

" 

12  Kin,  (max.) 

-.02 

1000 

-,C8 

2645 

1 

Plaweeent  Time 

5A.1-56 

ICoTor  Turrdngi 

Tubular  Aluciaa 

9 

Caat 

24  hrs.  at  R.T. 

-.04 

1969 

1 

•Exceeded  Capaeit/  of  the 

plus 

1  adnute  - 

-.09 

- 

1969 

1 

modulus  of  rupture  testing 

-53 

Calcium  Alurslsate 

Vibration  Time 

16  hra.  at  2203 

♦aOl 

lOCO 

*sOa 

2680* 

1 

-59 

• 

12  Min.  (max.) 

*.02 

1000 

•  .09 

2680» 

1 

Placement  Time 

5*. 1-60 

Kovar  Rods 

Tubulsr  AIuqIoa 

9 

Cast 

24  hra.  at  R.T. 

♦,ce 

- 

. 

ia9 

1 

-61 

plua 

" 

1  minute  - 

♦.01 

« 

1273 

1 

-62 

Calci'j&  AluEiisate 

• 

Vibration  Time 

lb  hrs.  at  220F 

♦.cr? 

1000 

-.01 

1822 

2 

-63 

n 

12  Hla.  (max.) 

♦,02 

1000 

-.09 

1747 

'  1 

ri^emeht  Time 

_ 

j 

TABLE  22 


REDUCTION  (S’  BEINFCRCEMEOT  DATA  OF  TABLE  21  - 


REIMFORCEKEirr 

MODULUS,  PS I 

DIFFERENCE  BETWEEN  UHFIEED 
UNREINFORCED  AND  UHFIRED 
REIHFCSCED,  PSI 

DIFFERENCE  BETWEEN  FIRED 
AND  UHFIRED  REINFC»CED, 
PSI 

UJIUSINF., 

UNFIRED 

REINF. 

UliFIRED 

HEINF. 

FIRED 

Raw  ceramic  fibers 
short  staple  fine 

1221 

1456 

1381 

235 

-75 

Ceramic  fiber 
woven  blanket 

1221 

l&*9 

nmni 

428 

-333 

Ceramic  fiber 
woven  cloth 

1221 

1756 

1750 

535 

-6 

Steel  wool 

1221 

1397 

1339 

176 

-58 

Screen  wire 

1221 

1481 

1995 

260 

514- 

Hardware  cloth 

1221 

1467 

1B49 

246 

362 

Perforated  metal 
sheet 

1221 

2114- 

2652 

893 

538 

Expanded  metal 

1221 

]204 

2562 

-17 

1358 

Kbvar  turnings 

1221 

i^m 

2680 

748 

711 

Kbvar  rods 

1221 

1346 

1784 

125 

438 
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SPECIMEN 

REINFORCEMENT 

N  0. 

5A.I-74 

XxparyjFid  KetaX 

-75 

■ 

-76 

-7'^ 

1 

-7  • 

n 

.7<3 

p 

-  'D 

H 

-71 

-:3 

- 

M.l-'Vj 

I3od3 

ri 

-0 ' 

m 

-9-' 

n 

-ICC' 

n 

-1:1 

n 

-102 

•t 

-13 

It 

-104 

.. 

-105 

- 

1?0.1-24 

E)cpairi€Pi  Ketil 

-25 

It 

-Z(> 

n 

-30 

N 

-31 

n 

-32 

-31 

- 

iaE.l-46 

Kavor  Hods 

-47 

n 

-43 

n 

-52 

n 

-53 

1* 

-54 

-55 

- 

liF.l-M 

wNip'swjAsd  k'Qtal 

-25 

5 

-26 

« 

n 

-29 

P 

-30 

n 

-31 

m 

-32 

-33 

- 

12?.  1-4^3 

Kavor  Rods 

DRTIX6  FIRING 
SIZE  TEMPEHRIliRE 


TABIS  23  -  DATA  ON  REINFCECEMENTS  AND  WEAR  TEST 


MOOULUS  OF  i  !  KERR  TEST 

RyPTORE 


muiHii 

IBHI 


FIRISH  'CFCLES  S'ZE  pNPERRTURE  CHANGE  ,, 
CHANGE  SURFACE  CENTER  S 

%  'F  I  'F 


REMARKS 


•Sicoedsd  capar^lty  of  pod'olas  of 
raptUTB  testln;!  rioMtia. 


5 
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TABIS  23  (CQNT'D) 


SPECIMEN 

NO. 

NEINrORCEHEIT 

DRYINC 

SHE 

CHANCE 

% 

FIRINC 

rEMPERATNNE 

•F 

FIRINC 

SIZE 

CHANCE 

% 

MODULUS  OF 
RUPTURE 

SURFACE 

FINISH 

WEAR 

TEST 

REHARAS 

CYCLES 

wm 

TEMPERATURE  CHANCE 

TIME 

SEC. 

SURFACE 

FINISH 

AT  R.T. 
PSI 

AT  2000* F 
PSI 

SURFACE 

CENTER 

25A.1-2A 

S^cpaniad 

-.01 

— 

276 

■1 

■■ 

Cast  ic  sliiBlJusa  soXds. 

-25 

■ 

-.C6 

• 

252 

- 

. 

. 

Spesi£i«&s  vltb  rviaforcNnesat  erasksd 

-26 

IT 

-.11 

- 

« 

- 

• 

. 

. 

• 

sftar  firing.  Dn»hl.  to  f»rfo™ 

-27 

♦.29 

. 

.. 

. 

. 

. 

• 

Mr«r 

-23 

» 

. 

If 

*.42 

362 

• 

. 

• 

• 

-29 

• 

R 

*.17 

566 

• 

• 

• 

-30 

m 

- 

n 

♦.16 

. 

-31 

n 

. 

N 

♦.26 

-15 

« 

- 

• 

. 

- 

- 

. 

- 

-33 

• 

- 

- 

- 

- 

- 

" 

- 

- 

- 

25A.1-46 

Kcwar  Rods 

-.06 

-.1? 

3 

_ 

C&at  in  aluDisuD  solda* 

-47 

N 

-.13 

■ 

-.31 

. 

3 

. 

. 

• 

• 

. 

• 

3p»cljjien5  with,  r«infoirc9iwint  craeksd 

-43 

-.19 

-.32 

1232 

• 

3 

. 

• 

. 

• 

nftor  firing.  Troporatur.  chanjn 

-47 

- 

« 

-.23 

- 

723 

4 

• 

• 

could  not  be  recorded  due  to 

-50 

* 

- 

♦ 

-.u 

. 

863 

3 

. 

.. 

« 

tbensocouple  eljeetrlcal  abort. 

-51 

- 

H 

-.31 

1133 

4 

.. 

.» 

... 

.. 

» 

-.16 

_ 

4 

-53 

« 

- 

• 

-.31 

* 

.. 

4 

«. 

-54 

- 

- 

If 

-.63 

- 

2 

50 

-.07 

53 

3 

-53 

- 

- 

-.39 

- 

■  - 

2 

50 

-.07 

- 

* 

53 

3 

103*. 1-24 

Sbquanded  ^!«taX 

*.12 

. 

2M0» 

4 

♦Exceeded  oapacltf  of  isoriulua  of 

-25 

■ 

♦.14 

. 

• 

2^0» 

. 

4 

• 

. 

_ 

.. 

rupture  tertiof^  aiachirw. 

-56 

R 

♦.10 

• 

1566 

- 

4 

- 

• 

* 

-27 

1* 

+.C3 

lOOO 

-.18 

. 

U75 

4 

• 

... 

• 

**Teisper&turt  change  cotild  not  be 

* 

♦.04 

R 

•  ,16 

- 

U76 

4 

. 

. 

r*c!>rdBd  du.  to  tbirooconpl.  .leotrleal 

-2'> 

If 

♦.06 

« 

-.14 

U60 

4 

. 

. 

« 

. 

short. 

-30 

” 

♦*n 

n 

-.20 

. 

• 

4 

50 

-.15 

75 

»• 

43 

5 

-31 

" 

♦.0? 

R 

-.10 

. 

. 

4 

n 

-.12 

*R 

265 

43 

5 

-32 

*.23 

-.CC 

. 

- 

4 

m 

-.04 

475 

135 

63 

5 

-33 

*.21 

" 

-.n 

- 

4 

n 

-.06 

445 

135 

63 

5 

1084.1-46 

Ko»ar  Rod* 

♦.27 

1547 

3 

Bloating  noted  <»  all  epcKslxena. 

-47 

If 

♦.09 

.. 

2650 

« 

3 

. 

. 

-43 

R 

• 

- 

12% 

• 

3 

• 

^twk  to  svirfse*  of  sold. 

-49 

« 

♦.43 

♦.03 

. 

1133 

3 

. 

. 

.1, 

-50 

« 

" 

♦.28 

• 

1283 

3 

» 

-51 

R 

♦.80 

• 

♦.54 

1456 

3 

_ 

-52 

R 

• 

• 

» 

4 

50 

-53 

R 

♦.34 

» 

♦.06 

. 

4 

« 

-.19 

475 

155 

64 

5 

-54 

- 

♦.U 

• 

-.08 

. 

• 

-.31 

415 

235 

64 

5 

-55 

« 

R 

• 

. 

4 

■ 
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TABI£  24 


REDUCTION  OF  HEISF(]RCE!®IT  DATA  OF  TABM  23 


MATERIAL 

MODULUS  OP  RUPTURE 

STANDARD 

REIKFCaCHffilir 

Cho  reikfcrcemert) 

KOVAR 

IKPANDED  METAL  | 

UHFIRED 

FIRED 

UHFIRED 

FIRED 

FDffiD 

5A 

1221 

1845 

2114 

2680 

2680 

12E 

1^ 

1443 

204l 

12F 

1736 

1560 

1761 

1611 

1906 

2C» 

996 

2QB 

2247 

21C 

25A 

1113» 

1067* 

1196 

910* 

245 

472» 

25B 

39A 

969 

108a 

1174* 

1830 

1292* 

2305 

1370 

♦Modulus  at  2000  F 


TABLE  25 


■CABLE  26 


i  WEATHER -Oi--ETER  TEST 

SPSCi;>EH  CODE 

L  _  EFFECT  OF  TEST  AS  {-SASURED  BY 

1^ 

REIN?. 

SURFACE  FINISH 

1-,'EIGHT 

(LBS.) 

OCCURRENCE 

OF  CHALKING 

MODULUS 

OF  RUPTURE 

INIT. 

PERCECT 

CHANGE 

INITIAL 

FINAL 

NONE 

LITTLE 

MEDIU!4 

.MUCH 

AVG. 

FINAL 

ISl 

5A .1-84 

Exp. 

1 

2 

-10 

9.88 

10.47 

X 

Not 

-85 

Metal 

1 

1 

0 

9.64 

10.36 

/6.4 

X 

2670** 

2670« 

Deter- 

-86 

1 

2 

-10 

9.83 

10.40 

X 

mined 

-87 

None 

1 

2 

-10 

9.44 

10.11 

X 

-88 

n 

mm 

1 

0 

9.44 

9.89 

/5.7 

X 

1220 

1390 

A3 -6 

-89 

H 

m 

1 

0 

9.48 

9.98 

X 

-lo6 

Kovar 

1 

2 

-10 

9.60 

10.21 

X 

-107 

Rods 

1 

2 

-10 

9.53 

10.33 

.2 

X 

2115 

1395 

-52.0 

-108 

1 

2 

-10 

9.59 

10.55 

X 

12E.1-34 

Exp. 

2 

2 

0 

9.59 

9.82 

X 

-35 

Metal 

3 

2 

/lO 

9.55 

9.84 

73.5 

X 

2375 

1490 

-16.4 

-36 

1 

1 

0 

9.53 

10.00 

X 

-37 

None 

3 

2 

-10 

9.31 

9.42 

X 

-38 

Tf 

3 

2 

-10 

9.32 

9.48 

A. 8 

X 

1985 

l44o 

-37.8 

-39 

n 

2 

2 

0 

9.49 

9.73 

X 

-56 

Kovar 

3 

2 

/lO 

9.43 

9.88 

X 

-57 

Rod 

2 

2 

0 

9.37 

9.76 

^.1 

X 

1445 

1245 

-  7.0 

-58 

2 

2 

0 

9.42 

9.75 

X 

12F.1-34 

Sxp. 

2 

2 

0 

7.68 

8.49 

X 

-35 

Metal 

2 

3 

-10 

7-71 

8.05 

/6.5 

X 

1905 

2485 

/30.5 

-36 

2 

2 

0 

7-78 

8.13 

X 

-37 

None 

1 

1 

0 

7.54 

8.48 

X 

-38 

n 

1 

1 

0 

7.60 

8.47 

/II.3 

X 

1735 

730 

-57.9 

-39 

tt 

2 

2 

0 

7.44 

8.22 

X 

*  Indicates  2000^f' Modulus 
♦♦Liait  of  Testing  Macliine 
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lABLE  26  (GOHT'D) 


WEATHER -OHETEH  TEST 


SPECIMEN  CODE 

EFFECT  OF 

TEST  AS  f.fEASUiRED  BY 

. n 

1 

_ ^ 

NUJ-IBER 

REIIW. 

SURFACE  FTNTSH 

WTIIGHT 

(LBS.) 

ISLCEALKIiiG  .. 

MODULUS  OF  RUPTuFR 

I  MIT. 

FIN. 

PERGEMT 

CHAirCE 

ICTTIAL 

FINAL 

PESCE^IT 

CHANGE 

NONE 

LITTLE 

ffiDIUM 

!/!UCH 

A¥G. 

INITIAL 

AVG. 

FINAL 

PERCSKT 

CHAICGS  . 

12F  .1-56 

Kovar 

3 

3 

0 

7.91 

8.25 

X 

-57 

Rods 

2 

2 

0 

7.95 

8.25 

/5.7 

X 

1760 

1340 

-23.9 

-58 

1 

2 

-10 

7.76 

8.47 

X 

25A.1-34 

Exp. 

k 

4 

0 

6.38 

6.45 

X 

-35 

Metal 

k 

4 

0 

6.36 

6.44 

A-i 

X 

475* 

360* 

-23  .7 

-36 

3 

4 

-10 

6.40 

6.47 

X 

-37 

Hone 

1 

5 

-4o 

5.80 

5.89 

X 

-38 

T* 

1 

4 

-30 

5.92 

5.99 

/l.O 

X 

1070* 

1110* 

/  3.9 

-39 

ri 

1 

5 

-40 

5.77 

5.84 

X 

-56 

Kovar 

3 

/lO 

6 .06 

6.13 

X 

-57 

Rods 

4 

-10 

6 .06 

6.15 

/1.3 

X 

9ia» 

1340* 

A?  .3 

-58 

k 

4 

0 

6.25 

6.32 

X 

IO8A.I-34 

Exp. 

3 

3 

0 

9.95 

10.39 

X 

-35 

Metal 

4 

3 

Ao 

10.04 

10.56 

A -4 

X 

1370* 

1190* 

-13.3 

-38 

4 

4 

0 

10.23 

10.59 

X 

-37 

None 

4 

4 

0 

9.90 

10.08 

X 

-38 

•1 

3 

3 

0 

9-78 

10.00 

/a  .3 

X 

1175* 

1310* 

/11.8 

-39 

It 

4 

3 

/lO 

9.64 

9.88 

X 

-56 

Kovar 

3 

3 

0 

9.83 

10.05 

X 

-57 

Rods 

3 

4 

-10 

10.03 

16.28 

/2.4 

X 

1290* 

1125* 

-12.5 

-58 

4 

4 

0 

9.84 

10.09 

_ 

X 

*  Indicates  2000^  Modulus"" 
of  Testing  Machine 


'•K 


i!ii»#'’’'Wti*K, 


.••\i%.  ..  .  ■•■'•■'i.'  ■' 

if^  n* 


Jig.  s^y%-=ifc 

•* ,,  « ,  "  I  . 


«%<  *».r 


'  (I.  -su  'flu  ■'4j*-. 
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1  FREEZIHG  kW  THAWHG  TEST 

j  3PECII-CI'I  CODS 

EFFECT  0? 

TEST  AS  MEASURED  BY 

flUMBEH 

REIi'JF. 

IBS 

WEIGHT 

(LBS.) 

BB 

IRBBI 

MODULUS  OF  RUPTUR.F 

INIT. 

[ 

FIN. 

PERCENT 

CHANGE 

INITIAL 

FINAL 

PiaCENT 

CHANGE 

. 1 

HONE 

LITTLE 

MEDIUM 

MUC3 

AVG. 

INITIAL 

AVG. 

FINAL 

PERCENT 

CHANGE 

5A.1-90 

Exp. 

1 

B 

0 

9.88 

10.08 

X 

-91 

Metal 

2 

■1 

Ao 

9.73 

9.94 

/2.1 

X 

2670* 

2670* 

* 

-92 

1 

B 

0 

9.76 

9.99 

X 

-93 

None 

2 

11 

-10 

9.50 

9-72 

X 

-gl^ 

ft 

1 

b| 

0 

9.45 

9 .66 

/2.3 

X 

1220 

2120 

/73 .8 

-95 

M 

2 

B 

-10 

9.44 

9.66 

X 

-112 

Kovsr 

2 

1 

-10 

9.58 

9.79 

X 

-113 

Rods 

3 

1 

-20 

9.71 

9.91 

/2.1 

X 

2115 

2295 

/  8.5 

-114 

2 

1 

-10 

9.60 

9.80 

X 

12E.1-40 

Exp . 

1 

1 

0 

9.61 

9.72 

X 

-41 

Metal 

1 

1 

0 

9.63 

9.78 

A  .4 

X 

2040 

2450 

/20.1 

-42 

1 

1 

0 

9.51 

9.63 

X 

-43 

None 

3 

2 

-10 

9.43 

9.52 

X 

-44 

r» 

2 

1 

-10 

9.57 

9.68 

A  "I 

X 

1985 

1270 

-36  .0 

-45 

« 

3 

2 

-10 

9-40 

9.52 

X 

-62 

Kovar 

3 

H 

-20 

9.47 

9*57 

X 

-63 

Rods 

2 

11 

-10 

9-25 

9.38 

A*i 

X 

1445 

1250 

-13-5 

-64 

2 

B 

-10 

9.23 

9.35 

X 

12F.1-40 

Exp. 

2 

2 

0 

7.74 

7-94 

X 

-41 

Metal 

2 

1 

-10 

7.86 

8.09 

/2 .6 

X 

1905 

2100 

Ao-2 

-42 

2 

1 

-10 

7.80 

7.99 

X 

-43 

None 

1 

1 

0 

7.60 

7.82 

X 

-44 

n 

1 

1 

0 

7.57 

7.78 

A -9 

X 

1736 

840 

-51.6 

-45 

2 

2 

0 

7.56 

7.76 

X 

TABLE  21  (COllT’D) 


FREEZING  AMD  THAWING  TEST 


SPECIMEN  CODS 

EFFECT  OF  TEST  AS  ffflASUHED  BY 

NUMER 

REIMF. 

SURFACE  FINISH 

WEIGHT 

(LBS.) 

OCCURRENCE 

OF  CHALKING 

MODULUS  OF  RUPTURE 

IRIT. 

FIN. 

PE3CEKT 

CHANGE 

INITIAL 

FINAL 

PERCENT 

CEANGE 

NONE 

LITTLE 

MEDIUM 

MUCH 

AVG. 

INITIAL 

AVG. 

FIML 

PERCENT 

GRANGE 

12F  .1-62 

Kovar 

2 

2 

0 

7.67 

7.85 

X 

-63 

Rods 

2 

2 

0 

7.58 

7.78 

/2.5 

X 

1761 

1460 

-17.1 

-64 

2 

2 

0 

7.67 

7.87 

X 

25A.1-4.0 

Exp. 

4 

4 

0 

6.30 

6.31 

X 

-ll 

Metal 

4 

3 

/lO 

6.39 

6.39 

0.0 

X 

472 

510 

/  8.1 

-42 

4 

4 

0 

6.42 

6.41 

X 

-43 

None 

3 

4 

-10 

5.88 

5.87 

X 

It 

3 

4 

-10 

5.85 

5.85 

0-0 

X 

1067 

935 

-12  .4 

-45 

ft 

4 

0 

6,01 

6.00 

X 

-62 

Kovar 

4 

4 

0 

6.20 

6.20 

X 

-63 

Rods 

4 

4 

0 

6.20 

6.19 

0.0 

X 

910 

1125 

A3  .6 

-64 

3 

3 

0 

6 .16 

6.15 

X 

108a.1-40 

Exp. 

4 

4 

0 

10.16 

10. 35 

X 

-41 

Metal 

4 

4 

0 

10.16 

10.35 

A -8 

X 

1370 

1185 

-14.2 

-42 

4 

3 

Ao 

10.19 

10.34 

X 

-43 

None 

4 

4 

0, 

9.82 

10 .01 

X 

-44 

5 

4 

/lO 

10.19 

10.38 

/  .20 

X 

1174 

1155 

-1 .6 

-45 

f1 

4 

Ao 

9.98 

10.17 

X 

-62 

Kovar 

4 

4 

0 

10  .00 

10.17 

X 

-63 

Rods 

4 

3 

Ao 

10.01 

10.17 

/1 .7 

X 

i 

1 

1292 

1  1277 

-1.2 

TABLE  28 


REDUCTION  OF  WEATHEK-OMETBR  DATA  OF  TABUS  26 


NATiTOXAL 

HO 

REIKP. 

(STD) 

AVERAGE  OF 
KDVAR  AND 
EXPANDED 
METAL  REIHF. 

mmi 

SURFACE 

FINISH 

WEIGHT 

immm 

OF 

RUPTIEE 

5A 

X 

-3 

♦5.7 

♦13.6 

X 

-8 

♦7.3 

-52.0 

12E 

X 

-.7 

fl.8 

-37.8 

X 

t3 

♦3.8 

-11.7 

12P 

X 

0 

♦11.3 

-57-9 

X 

-3 

♦6.1 

♦  3.3 

25A 

X 

-7 

♦1.0 

♦  3.9 

X 

-1.5 

♦1.2 

♦11.8 

1C«A 

X 

♦•3 

♦2.3 

♦11.8 

X 

0 

♦3.4 

-12.9 
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TABLE  29 


REDUCTION  OF  FREEZING  AND  THAWING  DATA  OF  TABIE  2? 


MATERIAL 

NO  REINF, 

AVERAGE  OF 
KOVAR  AND 
EXPANDED 
METAL  EEIHF. 

5A 

X 

X 

12E 

X 

X 

X 

X 

25A 

X 

X 

ioGa 

X 

X 

PERCEIW  CHAIWB  IN 


SURFACE 

FINISH 


WEIGHT 


MODULUS! 

OF 
RUPTUREl 


♦7 

2.3 

♦73.8 

♦8 

2.1 

♦  8.5 

+10 

♦1.1 

-36.0 

♦6 

♦1.2 

»l6,8 

0 

t2.9 

-51.6 

♦2.5 

-  3.^ 

-7 

0 

-12. If 

0 

+15.8 

f7 

♦0.2 

—  1.6 

0 

♦1.6 

-  7.7 

TABLE  30 


THEEU1AL  SIOCK  TEST 


CYCLE 

HO. 

1 

2 

3 

4 

THERMAL  ^OCK  BESISTANaB  BATINS 

56  7  8 

9 

10 

11 

12 

122B.1-6 

8b  .l*^ 

7IS.I-I 

5A.1-6 . 

21A*1‘*6 

IO8A.1-6 

8iAa-6 

12E.1-6 

2(B.1-6 

12F,1-6  7(B.1-6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

4 

1 

1 

1 

1 

1 

1 

1 

2 

3 

2 

3 

1 

5 

1 

1 

1 

1 

1 

1 

1 

3 

3 

3 

4 

2 

6 

1 

1 

1 

1 

1 

1 

1 

3 

3 

3 

4 

4 

7 

1 

1 

1 

1 

2 

2 

2 

4 

4 

4 

5 

5 

8 

1 

1 

1 

1 

2 

2 

2 

4 

4 

4 

5 

6 

9 

1 

1 

,  1 

2 

3 

3 

3 

5 

5 

5 

6 

12 

10 

1 

1 

2 

2 

3 

3 

3 

5 

5 

5 

6 

(12)* 

11 

1 

1 

2 

2 

4 

4 

3 

5 

5 

6 

7 

(12 

12 

1 

1 

2 

3 

4 

4 

3 

5 

5 

7 

8 

(12)* 

13 

1 

2 

2 

3 

5 

5 

4 

6 

6 

7 

9 

(L2)* 

14 

1 

2 

3 

4 

5 

5 

5 

6 

7 

8 

10 

(12  >* 

15 

1 

2 

3 

4 

5 

6 

11 

7 

8 

9 

10  (12)» 

Average 
at  end  0 
l4  cycle 

f 

s 

1.00 

TTH 

T77T 

2M 

27^ 

27s 

3:55 

05 

5.07 

5755 

Average  | 
at  end  of 

15  cycles 

1  17(55 

or 

57S5 

57BT 

2755 

I7B7 

01 

4.4'6 

57TO 

fjSd 

♦Material  cracked  emd  chlK>ed  beyond  practical  use. 


Numbers  in  Coluntns  1  through  12  indicate  thermal  shock  rating  per  cycle 
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Raw  ceramic  fiber,  short  staple  fine,  rein¬ 
forcement  before  placement.  (Product  of 
Carborundum  Company,  Niagara  Falls,  New  York) 


Ceramic  fiber  woven  cloth  ^Refrasll)  rein' 
forcement  before  placement.  (Product  of 
H.  I.  Thompson  Fiber  Glass  Company,  Los 
Angeles  7,  CaHfomla) 


s 
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Ceramic  fi'ber  broadwoven  cloth  (blanket) 
No.  120A  reinforcement  before  placement. 
(Product  of  Carborundum  Company,  Niagara 
Falls,  New  York) 


Steel  wool.  No.  0  reinforcement  before 
placement.  Purchased  from  Sharp-Horsey 
Hardware,  Atlanta,  Georgia. 


Screen  wire  cloth  reinforcement  hefore  place¬ 
ment,  l6  X  l6  mesh,  0,012  wire  diameter.  Type 
30k  stainless  steel.  (Purchased  from  Wirecloth 
Products  Company,  Bellwood,  Illinois) 


Hardware  wire  cloth  mesh,  mesh  2  per  inch, 
gage  no,  I9,  before  placement.  Purchased 
from  Beck  &  Gregg  Hardware  Conpany,  Atlanta 
1,  Georgia. 


Perforated  metal  reinforcement  before 
placement,  *1-20  stainless  steel,  0.036” 
thick,  3/8”  diameter  holes  on  1"  centers 


Branded  metal  flattened,  low  carbon  steel, 
3A"  Ko.  9-U-j  before  placement.  Purchased 
from  J.  K.  Tull  Coitp)any,  Atlanta,  Georgia, 


Fig*  95  Kovar  turnings  reinforcement  before  place¬ 
ment.  Turned  from  2  l/2*’  diameter  Kovar 
rod.  (Product  of  Carborundum  Company,  Kovar 
Alloy  Department,  Latrobe,  Pennsylvania) 
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.045  STAINLESS  STEEL  SAFETY 


FIGURE  97 


ILLUSTRATION  SHOWING  TYPICAL  PLACEMENT 
OF  iffilNFCBCEMENT  MA'IimALS 


‘V: 


'v-‘**p'-.’  -li  ^ 

b,'*-.  **'■''  «■’>  . » jt 


Specimen  25A.1  showing  cracks  due  to  differential  expansion  between  Mid  steel  (expanded  metal)  rein 
forcemeat  and  ceramic  material,  (firing  temperature  2CKX)  F) 
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RF  3893-1 


RF  3780-2 


Wear  test  equipment  (open)  showing  specimens 
in  holding  fixture. 


'ig.  100  Wear  test  eq\iipment  (closed)  showing  speci¬ 
mens  in  position  for  wear  test. 
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103  Twin-Arc  Weather -Oiaeter,  Type  DLTS-X  (closed),  manufactured 
by  Atlas  Electric  Devices  Company,  Chicago,  Illinois. 
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RF  8812-3 


RF  3499«1 


Alpha  Low-^eDf)erat\ire  freezing  box  (closed), 
manufactiired  by  Alpha-Electric  Refrigeration 
Company,  Detroit  3t  Michigan. 


Fig.  105  Twin  -  Arc  Weather -Qmeter,  Type  DLTS-X 
(open),  mnufactured  by  Atlas  Electric 
Devices  Company,  Chicago,  Illinois. 


.  Lcw-TeiH 
‘actured 
.QV,  Detri 


1-1- 

Thermal  shoe 


Thermal  shock  test  Bpecimens  122B,l-6 
and  21A,1-6  after  10  air-cooled  cycles 
and  5  water-cooled  cycles. 


I’herical  shock  test  specimens  25A.1-6 
and  20B.1-6  after  10  air-cooled  cycles 
and  5  water-cooled  cycles. 


1 


Fig,  llj  ThermaJ.  shocK  test  speciiuens  i2E.l-b 

and  8IA.I-6  after  p  air-cooled  cycles. 


i  •  -Wssx 


RF  6678- 


,8f  AhS 


Fig.  120  Theriaal  shocK  test  specimens  i2E.l-6 

and  after  10  air-cooled  cycles. 


'  1  ■  ■■A. '  r- /  ■  ■ 

>5 


'6JAjs 


RF  6by5"0 


121  Theriaal  shock  test  specimens  i2E.l-6 

and  8IA.I-6  after  10  air-cooled  cycles 
and  5  vater -cooled  cycles. 


■  iae  D  s  108a . I -O 
■cooled  cycles. 


serinal  shock  test  specimens  108, 
id  ha. 1-6  after  10  air-cooled  c 
id  5  vater-cooled  cycles. 


Thermal  shock  test  specimens  TlB.l 
and  8b.1-8  after  10  air-cooled  cycles 
and  y  water-cooled  cycles. 
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j  EXHIBIT  6 


FIFTY-TOH  EXPERIMEKTAL  HYDRAULIC  RESISTAHCE 
HEAT  TREATING  AKD  FCRMiyg  PRESS 


This  press  can  he  adapted  for  a  wide  range  of  applications  because  of  its 
universal  construction.  It  Is  equipped  with  two  pairs  of  platens  which  can  he 
interchanged  in  less  than  five  seconds.  The  platens  are  20"  wide  x  32"  long. 

The  part  to  he  heated  and/or  formed  is  held  between  the  platens  in  a  horizontal 
position  by  water  cooled  Jaws  which  are  electrically  Insulated  from  the  frame 
of  the  press.  The  part  can  he  resistance  heated  to  any  desired  temperature  up 
to  its  melting  point.  In  addition  to  acting  as  electrodes,  the  Jaws  are  hydrau¬ 
lically  operated  for  applying  up  to  25  tons  tension  to  the  sheet.  The  press  will 
handle  sheets  up  to  I8"  x  36".  By  suitable  sequencing  of  the  heating,  ram  action 
and  tension  cylinder  action,  the  press  can  he  adapted  to  nximerous  heat  treating 
and  forming  experiments.  The  press  is  shown  in  Figure  1,  Page  276. 

100  KVA  Resistance  Heating  Power  Supply  and  Automatic  Control  System 

Used  in  conjunction  with  the  press  for  resistance  heating  applications 
is  the  100  kva  high  current  power  supply  shown  in  Figure  2.  The  power 
input  to  the  part  being  heated  can  he  continuously  varied  up  to  the  maxi¬ 
mum  capacity  of  the  supply.  Variation  can  he  made  manually  or  automatically. 
For  automatic  operation,  any  desired  teasperature-tiBK  relationship  can  be 
programmed  by  means  of  a  conductive  line  follower  progranmier ,  This  allows 
any  desired  heating  cycle  to  be  repeated  an  indefinite  number  of  times 
without  introducing  hximan  error.  The  line  follower  programmer,  recorder- 
controller,  and  error  an^lifler  are  shown  in  the  lower  half  of  Figure  3- 

Temperature  and  Pressure  Monitoring  System 

The  instruments  shown  on  the  panel  in  Figure  4  are  used  to  monitor  all 
significant  variables  during  test  runs  of  the  experimental  hydraulic  press. 
Included  are  provisions  for  indicating  temperatures  at  up  to  p!*  thermo¬ 
couple  locations  on  a  test  sheet.  Six  thermocouples  can  be  read  simul¬ 
taneously  on  instruments  1  thru  6,  Figure  3,  and  remaining  ones  can  be 
read  in  groups  of  six  by  means  of  electrically  operated  stepping  switches 
A,  B,  C  and  D.  The  pressures  at  each  end  of  the  hydraulic  ram  and  tension 
cylinders  are  indicated  by  the  large  dial  instruments  on  the  panel  for 
determination  of  forces  applied  to  the  sheet.  Electrical  power  being 
applied  to  the  sheet  is  Indicated  by  the  load  voltage  and  current  meters 
Just  above  the  line  follower  progrananer  and  recorder-controller.  The 
readings  of  all  panel  instruments  are  recorded  with  a  35  mm  motion 
picture  camera  for  later  study  and  evaluation. 


i 


Automatic  control  system 


PHASE  IV 

TOOLIIB  EVAUIATION 
January  thru  June  i960 
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imSODUCTIOH 


For  ease  of  perforiaance,  this  phase  has  been  divided  into  three  parts.  First 
is  a  preliminary  investigation  of  mold  construction.  This  obvious  beginning  step 
in  the  manufacture  of  cast  type  tools  must  be  readily  accouiplishable  with 
:,mterials  and  techniques  suitable  for  the  different  types  of  refractory  castables. 
Ilext  follows  a  laboratory“Si2e  evaluation  of  metal  formng  tools  made  from  various 
castables.  Finally,  there  is  the  fabrication  end  testing  of  production  size  tools 
making  simulated  production  parts. 


PART  I  -  MOLD  CONSTRUCTIOH 


PROCEDURE 


A  multiple  groove  tool  (similar  to  Figure  127,  Page  315)  simulating  those 
that  the  Contractor  used  to  braze  stainless  steel  honeycomb  structures,  presented 
an  opportunity  to  use  different  materials  for  the  groove  forms  in  the  mold. 

Groove  forms  were  made  of  wax,  wood,  K-25*  and  potteryMt  plaster  and  plastic. 
Aluminum  cores  were  used  for  the  mrsunting  bolt  hole  foriris.  The  wax,  plaster  and 
plastic  groove  forms  were  made  by  pouring  the  respective  liquid  materials  into 
an  aluminum  mold.  The  wood  forms  were  laade  on  a  conventional  wood  shaper.  The 
alxjminum  cores  were  turned  on  a  lathe  In  the  usual  manner. 


The  mold  with  the  different  material  gioove  forms  is  shown  in  Figure  128, 

The  lower  part  of  the  mold  is  hard  setting  plaster  previously  poured  in  a  box 
between  templates  shaped  as  shown  and  splined  to  their  contour. 

The  mold  was  given  various  surface  preparations  using  clear  cellulose  nitrate 
lacquer,  Sitsioniz  Wax,  DC  1-  silicone  cut  with  naphtha  and  Keltex***. 

Castings  were  made  of  both  calcium  aluminate  and  phosphoric  acid  bonded 
materials  and  the  different  groove  forms  examined  for  evaluation  of  use  as  mold 
naterials.  Figures  129  and  I30,  Page  316,  show  some  of  these  castings. 

Figure  127  shows  a  calcium  aluminate  bonded, >A.l,  casting  with  square 
corner  rib  ends  and  sides,  Sorae  damage  to  the  tops  of  a  few  ribs  is  evident. 
Figure  129  shows  a  mating  easting  of  the  same  material  whose  rib  ends  and  edges 
liave  been  rounded.  This  made  it  easier  to  remove  the  casting  from  the  mold  and, 
consequently,  reduced  damage.  Figure  I30  shows  the  results,  on  a  calcium  alumi¬ 
nate  type  material,  of  either  too  little  water  or  too  little  vibration  or  a 
combination  of  both, 

♦Product  of  Bestwall  Gypsum  Conipany 
♦♦U,  S,  Gypsum  Company,  No,  1 

Product  of  Kelco  Oompany,  Los  Angeles,  California 
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DISCUSSION  OF  RESULTS 


The  following  summarizee  the  results  of  the  Investigation: 

1,  Wax  forms  are  too  temperature  sensitive  for  use. 

2.  Wood  forms  are  too  difficult  to  seal  to  prevent  sticking  of  the  castable 
ceramic  to  them. 

3<>  K-25  with  proper  surface  preparation  is  satisfactory  for  calcium  alumlnate 

bonded  castables . 

k.  Epoxy  plastic  with  proper  surface  preparation  is  satisfactory  for  calcium 
almninate . 

5.  Pottery  plaster  with  proper  surface  preparation  is  satisfactory  for  slip 
cast  fused  silica  materials. 

6.  Square  corners  on  molds  should  be  avoided. 

Based  on  the  knowledge  of  mold  materials  and  the  technique  of  their  use  gained 
from  this  study  the  conteurplated  methods  of  mold  construction  were  decided  upon. 

Molds  are  to  be  made  by  using  a  crodel  of  the  tool  desired,  coating  it  with 
silicone  or  Keltex  parting  agent,  boxing  it  in,  and  pouring  or  placing  the  nxjld 
material  over  and  around  it.  Molds  made  of  K-25  plaster  are  to  be  made  by 
pouring  wet  plaster  over  the  silicone  coated  model,  allowing  the  material  to 
harden  before  stripping  it  from  the  box  form,  and  removing  the  model;  then 
sealing  the  cavity  with  cleeur  lacquer,  waxing  and  polishing  and  spraying  with 
silicone  grease  cut  with  naphtha.  Molds  made  of  pottery  plaster  are  to  be  nade 
identically  except  that  ffeltex  is  to  be  used  and  no  sealing  is  to  be  applied 
to  the  cavity.  The  epoxy  resin  impregnated  glass  cloth  molds  are  to  be  made 
using  the  tool  model  as  a  layup  block,  and  following  standard  procedure  for 
using  tooling  plastics. 


The  procedure  for  laaking  plastic  molds  involves  first  coating  the  model  with 
a  parting  agent.  A  thin  face  coat  (gel  coat)  ef  resin  is  then  applied  directly 
to  the  model  and  allowed  to  partially  set  up  (gel).  This  coating  masks  the 
textui'o  of  the  glass  reinforcing  cloth  and  prevents  entrapment  of  air  bubbles 
next  to  the  raodel.  The  fegnolia  Plastics  Inc,  Tooling  Plastic  consists  of  six 
parts  by  weight  of  No.  1047  Resin  to  1  part  by  weight  No.  2l4  Hardener,  Normally, 
elglit  layers  of  glass  cloth  (weight  and  weave  optional)  are  put  in  a  laminate  by 
wetting  each  layer  in  place  with  a  full  brush  coat  of  resin.  A  48  hour  cure  is 
given  before  the  mold  is  removed  from  the  laodel  or  pattern. 
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FMT  II  -  LABOPATOHY  SIZE  TOOL  EVALUATIOH 

INTRODUCTION 


The  following  coded  materials,  representing  the  best  qualified  products  as 
determined  by  Phases  II  and  III  of  this  investigation,  were  selected  for  tool 
development  on  a  laboratory-size  scale »  It  was  believed  expedient  to  gain 
experience  in  the  making  and  using  of  small  ceramic  tools  before  attempting  to 
build  and  use  large  size  tools, 

5A.1  25A.1 

12E,1  108A.1  . 

12F,1 


It  should  be  noticed  that  none  of  these  five  materials  is  a  raiaming  mix. 

P.anplng  mixes,  at  this  time,  cannot  be  considered  for  tooling  use  for  four 
reasons,  FirEtJ  this  method' oT" placement  exerts  large  for c¥s  bn  the' mold .  In 
order  for  a  ttold  to  have  the  strength  to  retain  its  shape  under  the  punishing 
forces  of  ramming,  a  mold  must  be  much  stronger  than  for  the  casting  method  of 
placement.  This  strength  requirement  could  only  be  met  by  iiapractlcally  heavy 
metal  or  cement  molds,  PlasTer,  plastic,  wood  or  sheet  metal  molds  would  not 
normally  have  sufficient  rigidity.  In  support  of  this  opinion  are  the  data 
of  Table  15,  which  shows  the  expansion  of  the  standard  brick-size  rammed  test 
specimens.  In  almost  all  cases  these  specimens  Expansion  sprung  the  sides  of  the 
heavy  aluirdnuo  molds. 

The  second  reason  that  ram  type  castable  refractories  cannot  be  considered 
for  tooling  use  is  the  longer  time  required  for  their  placement.  The  third 
reason  is  the  degree  of  dependence  on  the  shill  of  the  operator.  It  is  an  art' 
to  ram  place  a  large  castable  satisfactorily  without  harmful  laminations. 

Fourth,  is  the  impractlcallty  of  casting-ln  cores  and  inserts  to  acceptable 
tolerances,  as  these  tend  to  be  displaced  by  the  ramming  action. 


ffiCXJEDURE 


The  five  castable  refractory  materials  selected  for  further  work  were  used 
to  conduct  a  sna.ll  scale  evaluation  of  ceramic  tooling.  The  tools,  typical  of 
J.hose  used  in  aircraft  plants,  are,  a  hydroforin  block  configuration,  a  stretch 
form  block  configuration,  action  draw  press  die  configuration.^ 

SSep~wSre~made  by  ca5tii^~*t!re  refractory  materials  in  various  typiTiolds.  A 
hydraulic  press*  specially  equipped  for  use 'with  ceramic  tooling  was^used  to 
accomplish  the  forming  processes,  AISI  120  corrosion  rqslstant  steel  O.O31  inch 
thick  was  used  as  the  part  material.  Consequently,  a -forming  ten5»erature  of 
1850  F  was  used  to  accotiiplish  simultaneous  forming  and  heat  treating.  Table  31, 
Page  299,  lists  the  methods  and  treatments  used  in  inaklng  each  tyqpe  of  tool  and 
designates  the  castable  used. 


♦See  Exhibit  6,  Page  275. 


Hyclroform  Block 


Tool  Fabrication 


A  curved  channel  shape  was  chosen  as  being  a  typical  part  for  the  hydro¬ 
form  type  tool.  The  form  block  is  1  1/2  inches  high,  2  inches  wide  and 
approximately  11  inches  long  (see  Figure  131,  Page  317)-  A  model  of  the 
hydroform  block  was  made  of  plaster  and  from  It  split  molds  were  made  of  K-25 
plaster.  No.  1  pottery  plaster,  and  an  epoxy  plastic-'glass  cloth  laminate 
(see  Figures  132,  133  and  134).  Provisions  were  made  to  incorporate  part 
locating  pins  in  the  tool. 

The  phosphoric  acid  castable.  Code  IOBA.I,  stuck  to  the  surface  of  the 
plastic  mold  to  the  extent  that  the  surface  was  roughened  and  pitted  when 
the  casting  was  removed.  This  adherence  of  the  phosphate  bonded  castable 
to  the  plastic  mold  occurred  regardless  of  the  special  attention  given  the 
appl.ication  of  sealing  coats  and  tte  silicone  parting  agent. 

Vibration  was  applied  at  the  freq.uency  and  for  the  time  which  was  found 
to  be  optimum  in  Phase  II,  i.e.,  10, OCX)  vibrations  per  minute  for  a  maximum 
of  one  minute.  Internal  vibration,  applied  by  the  flexible  shaft  vibrator 
shown  in  Figure  15,  Page  151,  was  used  when  casting  in  K-25  plaster  molds. 

The  plastic  irold  was  attached  to  a  base  which  was  adapted  to  fit  the  vibrator 
table  used  previously  to  vibrate  the  specimen  molds  (see  Figure  12).  One 
25A.1,  fused  silica,  hydroform  block  was  cast  without  vibration  by  first 
thinning  the  regular  mix  with  additional  25B.1  slip  material  then  pouring  it 
carefully  onto  the  bottom  of  the  mold  taking  care  not  to  let  any  run  down 
the  sides  and  trap  air  bubbles  in  the  casting.  The  No.  1  pottery  plaster 
mold  was  used  after  spray  coating  the  i»ld  cavity  with  Keltex  parting  agent. 

A  water  suspension  of  Keltex  sprays  like  lacquer. 

Attempts  were  made  to  smooth  off  the  base  surface  of  the  hydroform  blocks 
to  prevent  uneven  loading  from  breaking  them  when  forming  pressure  was  applied 
by  the  rubber  punch.  Due  to  the  short  setting  time  and  coarse  grog  particles 
in  some  of  the  castables,  it  was  impossible  to  trowel  or  screed  the  surface 
smooth  enough.  A  satisfactory  surface  was  achieved  by  placing  the  finished 
tool  in  a  puddle  of  plaster  poured  in  a  tnin  layer  on  a  surface  plate  which 
had  been  first  sprayed  with  a  water  emulsion  of  silicone  as  a  parting  agent. 
When  the  plaster  set  up,  the  tool  with  plaster  base  was  slipped  on  the  plate, 
removed  and  placed  in  an  oven  to  cure.  The  12F,1  and  25A.1  castables 
which  require  firing  at  1000  and  20(X)  F  respectively  had  their  plaster  bases 
applied  subsequent  to  firing. 

Testing 

Tt  ,  -  -  -r.y 

Tools  were  set  in  the  press  on  a  10  x  15  inch  platform  designed  to  fill 
the  opening  in  the  bottom  of  the  punch  box.  The  rubber  contained  in  the  box 
could  thus  be  trapped  and  caused  to  transroit  the  pressure  provided  by  the 
hydraulic  ram  to  the  entire  surface  of  the  tool,  A  developed  blank  was 
positioned  by  the  locating  pins  over  the  block  and  electrically  connected  to 
the  electrodes  by  flexible  straps  (see  Figure  135).  A  low-voltage,  hlgh- 
anperage  power  supply  provided  the  current  to  heat  the  blank  by  its  own 
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resistance  to  the  temperature  required  foi-  austenitization.  The  I850  F 
temperature,  determined  hy  a  chrorael -alumel  thermocouple,  was  maintained 
for  at  least  30  seconds  before  closing  the  press  to  allow  austenite  form¬ 
ation  and,  consequently,  assure  transformation  on  coolings  A  hydraulic 
pressure  of  20CX3  psi  was  applied  to  an  8  inch  diameter  ram  thus  providing 
a  unit  pressure  of  approximately  65O  psi  in  the  trapped  rubber  punch  to 
form  the  heated  metal  around  the  ceramic  form  block. 


To  protect  the  rubber  punch  from  the  hot  metal,  several  ceramic  fiber 
mterials  were  used„  These  included  a  1/8  inch  thick  loosely  woven  blanket*, 
cloth**,  mat***,  and  bulk  in  the  form  of  a  batt**** ,  The  blanket  was  hung 
under  the  face  of  the  punch  by  wires  and  an  elastic  band„  A  corner  of  the 
blanket  can  be  seen  in  Figure  135.  It  did  not  afford  sufficient  protection 
as  the  action  of  the  rubber  in  forming  the  flanges  of  the  metal  over  the 
edge  of  the  block  tore  the  blanket  exposing  the  rubber  to  the  hot  metal.  The 
cloth  was  much  thinner  than  the  blanket  even  when  doubled,  but  slippage 
occurring  betw'een  the  layers  nullified  the  forces  acting  to  tear  the  brittle 
material  and  better  protection  was  achieved  (see  Figure  136).  The  mat 
(Figure  137?  tore  when  used  as  did  the  blanlcpt.  The  bulk  insulation  yielded 
the  best  protection  (see  Figure  138 Bulk  naterial  comes  as  a  loosely 
rolled  ribbon  2  to  3  inches  thick  and  30  inches  wide.  It  has  a  texture 
very  much  like  absorbent  cotton.  In  use,  a  cushion  of  proper  size  is  easily 
shaped  and  laid  in  position  on  top  of  the  part  blank  where  it  remains  during 
the  heating  and  forming  cycle. 


Stretchform  Block 


Tool  Fabrication 

A  block  that  would  form  a  saddle  shaped  configuration  was  chosen  for 
laboratory  evaluation  of  ceramic  stretchform  tooling  (see  Figure  139).  An 
existing  production  stretchform  block  was  selected  for  use  as  a  model  and  from 
it  three  molds  were  {nade.  These  iiiolds  were  made  of  K-.25  plaster  (see  Figure 
140),  No.  1  pottery  plaster,  and  an  epoxy  plastic  bonded  gLas3  cloth  laminate. 


I4aterlals  5A.1,  12E.1,  and  12P.1  were  cast  in  the  K-‘25  cold;  25Acl 
material  was  cast  In  the  No.  1  pottery  plaster  mold  except  for  one  trial  in 
K-25  mold;  and  103a.1  in  the  plastic  mold.  Except  for  the  25Ar,l  material, 
the  raoMs  were  sealed.  Internal  ■'’'ibration  at  10, (XX)  vpia  x^rovided  by  the 
flexible  shaft  ••J'ibrator  was  used  in  making  all  castings,  A  three  minute 
maximum  time  of  vibration  was  used  to  cast  materials  for  this  tool.  This 
time  was  determined  visually  as  being  that  which  properly  compacted  the  wet 
castable  (approximately  200  pounds)  without  danger  of  segregation. 

Smooth  surfaced  cas'^ings  were  obtained  from  all  materials  except  the 
106a,1  naterial.  Areas  stuck  to  the  riold  as  noted  before  and  left  pits 
and  rough  spots  on  the  tool  made  from  this  castable  It  was  observed  that 
the  106a  1  material  became  too  hot  to  touch  while  it  was  setting  up. 


*Flberfrax  ceramic  fiber  Product  No,  120,  product  of  the  Carborundum  Company 

**Refrasll,  product  of  E,  I.  Thompson  Company 

***Kaowool,  product  of  Babcock  and  Wilcox  Company 

♦***Kaowool,  product  of  Babcock  and  Wilcox  Coiipany 
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Attempts  to  obtain  flat  surfaces  by  screeding  or  troweling  on  the  bottom 
of  these  tools  were  abandoned  as  with  the  hydroform  blocks.  Plat  bases  for 
mounting  In  the  press  were  made  as  before  by  pouring  wet  plaster  in  a  puddle 
on  a  surface  plate  and  setting  the  tool, in  it. 

Testing 

All  laboratory  size  stretchform  blocks  were  set  up  in  the  experimental 
press  for  evaluation.  The  tension  frame  was  fitted  with  two  metal  backed 
q_uarter  round  ceramic  rails  so  that  the  AISI  420  stainless  steel  blanks 
would  be  wrapped  around  the  stretchform  blocks  by  the  action  of  the  rails 
while  being  restrained  at  each  end  by  the  Jaws  of  the  tension  frame. 

Figure  l4l  shows,  on  the  right,  the  mold  used  to  make  the  SA.I  quarter 
round  rails,  one  of  which  is  shown  on  the  left.  One  leg  of  the  steel  angle 
has  been  trimmed  flush  with  the  ends  of  llie  ceramic  to  enable  its  placement 
in  the  tension  frame  as  shown  in  Figures  142  and  143-  To  add  rigidity  to 
the  quarter  round  rails,  steel  angJes  were  "C"»cla:sped  to  each.  As  the 
tension  frame,  •which  is  attached  to  the  ram  of  the  press,  descends,  the 
ceramic  quarter  round  rails  cause  the  frame  to  act  like  a  female  die  in 
wrapping  the  blank  around  the  punch. 

The  Jaws  of  the  tension  frame  were  electrically  Insulated  so  that 
current  could  be  passed  through  the  blank  by  the  Jaws,  thus  heating  the 
blank  by  Its  own  resistance. 

The  blank  was  heated  to  180O  F  before  contact  was  made  with  the  stretch¬ 
form  block.  Although  the  bla,nk  was  not  in  contact  -with  the  tool  during  the 
heating  period,  the  surface  of  the  ceramic  tool  was  heated  considerably  by 
radiation.  Whan  the  blank  reached  the  required  temperature,  it  was  forced 
dowh'ward  by  the  draw  rails  and  wrapped  around  the  stretchform  block.  Contact 
was  continued  until  the  blank  was  chilled  by  the  tool  and  was  then  withdrawn 
so  that  the  blank  temperature  again  reached  I8OO  F«  This  forming  action  was 
continued  until  the  desired  shape  was  obtained.  The  formed  blank  was  allowed 
to  cool  while  in  contact  with  the  block. 

After  cooling,  the  formed  part  was  rerojved  from  the  press  Jaws  and 
inspected.  An  inspection  was  also  made  of  the  surface  of  the  ceramic  tool. 

Draw  Die 


Tool  Fabrication 

To  represent  tooling  typical  of  the  double  action  drawpress  type,  a 
bottomless  or  double  ring  die  was  chosen.  This  tool  is  to  form  a  rectangular 
pan  7  inches  wide  by  8  inches  long  by  3  to  4  inches  deep  -  one  end  being  1 
inch  deeper  than  the  other  (see  Figure  144).  In  use,  a  blank  sheet  of  metal 
was  heated,  clamped  between  the  two  rings  placed  -face  to  face,  and  the  punch 
pushed  through  the  openings  thus  wrapping  the  roetal  around  the  punch  and 
over  the  lower  ring  radius. 
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In  addition  to  the  K-23  plaster  ir»lds  shown  in  Figures  14-5  and  l46, 
which  were  used  to  cast  the  hydraulic  setting  castables  5A»1,  12E.1  and 
l£Fol,  Noc  1  pottery  plaster  molds  were  mde  primarily  to  cast  25A.1,  and 
plastic  molds  were  taade  for  108A.1  and  used  also  for  some  other  materials 
as  indicated  In  Table  31 «  Because,  of  the  necessity  for  parallel  sides 
on  the  punch  casting,  a  split  mold  was  needed „  The  plug  which  forms  the 
opening  in  the  ring  casting  is  removable  by  jack  screws  and  has  only  0.005 
Inch  draft  in  its  4  Inch  overall  height.  The  No.  1  pottery  plaster  mold 
was  made  similar  to  the  K»25  plaster  mold,  but  the  plastic  mold  was  mde 
open  faced.  The  plaster  molds  were  filled  standing  on  edge  and  the  mix  was 
vibrated  by  the  flexible  shaft  vibrator.  The  plastic  mold  .  after  coating 
with  Simoniz  wax  and  peanut  oil,  was  filled  laying  flat  and  vibrated  by  the 
pneumatic  vibrator.  Satisfactory  castings  were  obtained  of  all  but  the  IOBA.I 
inaterial.  As  before,  much  heat  was  evolved  and  the  casting  stuck  to  the 
mold  In  patches  yielding  rough  and  pitted  surfaces. 

Testing 

The  laboratory  size  draw  dies  were  set  up  for  evaluation  in  the  experi¬ 
mental  press  (refer  to  Figure  147),  A  double  acting  head  attachment  was 
fastened  to  the  press  ram  so  that  the  pressure  pad  and  the  punch  would  he 
incorporated  in  a  single  unit. 

The  ceramic  tool  components  were  attached  to  the  double  acting  head  and 
supported  by  means  of  Independent  vacuum  chucks. 

The  components  were  aligned  with  shims  between  the  punch  and  the  draw 
ring  before  being  picked  up  by  the  vacuum  chucks. 

The  AISl  420  blank  was  clamped  between  the  jaws  of  the  tension  frame 
so  that  the  blank  could  be  kept  taut  during  the  forming  operation.  The 
jaws  also  served  as  electrodes  for  resistance  heating  the  blank.  The 
temperature  of  the  blank  was  maintained  at  1400  F  during  the  forming  oper¬ 
ation.  l400  ?  was  used  because  this  mater iall 32 J  has  naxlmuin  elongation 
at  this  temperature. 

The  ceramic  pressure  pad  was  closed  on  the  blank  while  it  was  being 
heated  so  that  the  draw  ring  and  the  pressure  pad  were  also  heated  on  the 
surface  to  some  extent. 

When  the  temperature  of  the  blank  stabilized,  the  ceramic  punch  was 
forced  downward  by  the  double  acting  head  while  maintaining  a  pre«-set 
pressure  on  the  pressure  pad.  The  pad  pressure  is  adjustable  by  varying 
the  air  pressure  to  the  outer  ram  of  the  double  acting  head  attachment. 

On  different  trials  the  pressure  was  changed  from  a  «10  to  /  30  psl  with 
/  5  psi  being  found  as  the  optimum  pressure  to  produce  the.  desired  slight 
drag  on  the  blank  as  it  was  being  drawn.  This  5  psi  on  the  pressure  pad 
ram  produced  approximately  1  psi  holding  pressure  on  the  blank. 

The  metal  blank  was  cooled  by  the  cold  ceramic  punch  as  it  came  into 
contact  and  forced  it  down  Into  the  draw  ring  cavity.  Thermocouples  were 
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attached  to  the  hlank  In  the  area  that  contacted  the  punch  so  the  forming 
temperature  could  be  monitor ed„  When  the  sheet  cooled  to  1000  F,  the 
punch  was  withdrawn  so  that  the  blank  temperature  could  be  returned  to 
1400  Ft.  This  procedure  was  repeated  until  the  blank  or  ceramic  punch 
failed , 

Wlien  the  test  was  completed,  the  tools  and  formed  blanks  were  checked 
for  damage  0 


DISCUSSION  OF  BESULTS 


Testing  of  the  Code  IOBa.I*  material  must  be  discontinued  until  it  can  be 
ascertained  that  the  castable  can  be  obtained  with  longer  storage  life.  The 
material  now  in  stock  must  be  discarded.  The  cans  containing  the  vet  portion  of 
the  two-part  castable  mix  have  been  corroded  through  by  the  contents.  The 
resultant  loss  of  material  has  rendered  it  non-representative  by  changes  in 
properties  due  to  the  loss. 

Hydrofora  Block 

A  part  Inmiedlately  after  forming  is  shown  in  Figure  l48.  Note  how  the 
rubber  punch  has  formed  the  metal  down  over  the  ends  of  the  block.  As  the  metal 
cools  and  contracts  It  transmits  forces  to  the  block  which  break  off  the  top  edge 
of  each  end  (see  Figure  149),  Most  hydroform  blocks  broke  in  use  in  this  manner. 
A  block  cast  with  sloping  ends  in  a  mold  altered  with  modeling  clay  did  not  break 
(see  Figure  I50), 

Surface  finishes  obtained  on  all  but  the  phosphoric  acid  bonded  castable 
were  acceptable  and  indications  are  that  a  duplication  of.  the  finish  in  the  mold 
cavity  can  be  achieved.  The  1C8a«1  material  was  roughened  and  pitted  because  of 
sticking  in  the  mold.  No  evidence  of  abrasion  is  evident  on  the  surface  of  tools 
after  use,  due  probably  to  the  fact  that  very  little  sliding  of  the  metal  on  the 
block  takes  place  in  this  type  of  operation. 

Fine,  almost  invisible,  spall  cracks  occur  on  the  surfaces  of  calcium  alumi- 
nate  bonded  tools  after  use.  No  bad  effects  due  to  them  were  observed  after 
forming  five  parts  on  one  particular  block. 

Fully  formed  parts  have  been  run  on  form  blocks  ciade  of  four  of  the  five 
selected  refracrory  castables.  The  extreme  teinperatures  used  enable  the  low  unit 
forming  pressure  of  approximately  65O  psi  as  contrasted  to  3CX)0  psi^^^  pressure 
for  room  temperature  forming.  Table  32  gives  test  data  and  results  obtained  by 
running  parts  on  the  hydroform  equipment  described.  Part  Number  7>  run  on  the 
block  cast  in  the  altered  nold,  Indicates  that  proper  tool  design  can  eliminate 
some  of  the  problems  presented  by  the  fragile  nature  of  ceramic  tooling  materials. 


*-Shortly  after  this  evaluation,  the  supplier  of  material  Code  IOSa.I  added  an 
internal  lubricant  and  improved  his  packaging  which  solved  the  storage  problem. 
The  supplier  recommended  using,  as  a  parting  agent,  a  latex  base  paint  over  a 
waxed  surface.  This  remedy  subsequently  proved  successful. 

•♦Using  Ver son-Wheelon  Press 
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Stretchform  Block 

No  damge  was  incurred  on  any  of  the  stretchform  blocks  and  most  of  the 
blanks  formed  successfully.  Difficulty  was  encotintered  in  tearing  of  the  blanks 
at  the  point  at  which  contact  was  made  with  the  quarter  round  ceramic  di-aw  rails. 
Air  circulation  was  prevented  by  contact  with  the  rails  and  the  insulating  prop¬ 
erties  of  the  rail  material j Code  8a.1,  retarded  absorption  of  heat  from  the  blank, 
so  a  hot  area  developed  under  the  rails.  This  area,  because  of  the  temperature 
diflerentlal,  had  a  lower  tensile  strength  than  the  surrounding  metal,  so  failure 
under  load  occurred  there  (see  Figure  15l)«  Table  33  gives  test  data  and  results 
obtained  by  running  parts  on  the  stretch  form  setup. 

Draw  Die 


Failure  by  the  shearing  of  the  edges  and  sides  was  encountered  in  all  of  the 
punches  tested  (see  Table  3^  and  Figure  152). 

A  failure  also  occurred  in  the  12E.1  material  draw  ring.  This  failure  was 
caused  by  the  expansion  of  entrapped  water  in  the  casting  which  was  not  removed 
by  drying  (see  Figures  14?  and  153)* 

A  successful  draw  depth  of  approximately  1  inch  was  obtained  with  the  .03I 
inch  thick  AISI  420  stainless  steel  blanks  at  14G0  F.  Several  blanks  failed  at 
or  near  this  depth  by  bursting  the  bottom  out  of  the  drawn  shape,  as  shown  by 
Figure  154. 

Table  34  gives  test  data  and  results  obtained  by  running  parts  on  the  draw 
dies  of  the  various  materials. 


C0NCDJSI0N8 


1.  Materials  requiring  ram  type  placement  are  unsuitable  for  tooling  because  of 
impracticability  of  mold  construction. 

2.  Tools  of  each  type  have  been  successfully  made  of  all  five  selected  materials 
except  108a.1. 

3»  A  second  operation  Is  required  to  have  a  plane  surface  base  on  a  tool  as 
screeding  a  flat  surface  during  the  casting  process  is  impractical. 

4.  Hydroform  blocks  of  5A.1,  12E,1,  12F.1  and  S5A.1  enabled  the  successful  hot 
forming  of  parts  with  about  20  percent  of  the  forming  pressure  required  for 
cold  forming. 

5.  Ceramic  fiber  materials  protect  the  rubber  hydropress  pad  from  the  I85O  F 
re si stance -heated  metal  part.  Higher  temperature  protection  with  the  fiber 
should  be  attainable  -  up  to  2000  F. 

6.  The  hydroform  blocks  broke  (after  forming  of  parts)  at  their  corners  due  to 
the  shearing  action  of  the  metal  flanges  as  contraction  occurred  during 
cooling  »  a  difficulty  indicated  to  be  preventable  by  proper  tool  design. 
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7,  Stretchform  13100118  of  pA.l,  12E5I,  12P«1  and  25A.I  enabled  the  hot  forming 
of  parts  With  no  damage  to  the  ceramic  tools, 

8,  All  the  draw  die  punches  failed  in  shear  and  no  parts  drawn  are  considered 
acceptable. 

RECOMMENDATIONS 

1 ,  Either  external  or  internal  vibration  should  be  used  for  casting  tools  from 
materials  having  calcium  alinnlnate  binder. 

2„  Ceramic  hydroform  blocks  should  have  bases  leveled  with  plaster  to  assure 
adetjuate  back-up  to  sustain  the  compressive  loads. 

3.  Cereunic  :^lber  bat  should  be  used  to  protect  hydroform  rubber  for  forming 
temperatures  up  to  I85O  P.  (2000  Fi^protection  Is  possible.) 

Do  not  use  ceramic  draw  dies. 

5«  Extend  investigation  to  production  size  tooling. 


PART  III  -  PRODUCTION  SIZE  TOOL  EVALUATION 


INTRODUCTIOH 


The  results  of  the  laboratory  size  tool  evaluation  indicated  that  all  five 
materials*  should  be  used  to  make  production  size  tools. 


mOCEDtlRE 


The  five  castable  refractories  were  used  to  make  the  same  type  tools,  except 
draw  dies,  as  were  used  in  the  laboratory  size  evaluation  plus  the  addition  of 
draw  heat  treat  fixtures  and  f'urnace  type  austenitising  or  solution  heat  treat 
fixtures.  The  procedure  used  for  each  tool  of  each  material  tlirough  mold  con¬ 
struction,  fabrication,  and  testing  follows.  Table  31  lists  the  methods  and 
treatments  used  In  making  (=*ach  tool  of  each  castable. 

Stretchform  Block 

Mold  Construction 

A  typical  production  stretchform  block  was  chosen  as  the  model  for  con¬ 
struction  of  the  molds.  These  molds  were  made  by  the  plaster  splash  method. 
The  model  was  \mxed  so  that  the  plaster  would  not  adhere.  Hemp  fiber  was 
mixed  with  the  outer  layers  of  plaster  for  strength.  Steel  pipes  and  rein¬ 
forcing  rods  were  incorporated  in  the  riiolds  for  rigidity  and  as  handling  aids. 

♦Refer  to  footnote  on  Page  205  concerning  rater lal  IO8A.I. 
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Code  12E.1 


For  the  solid  type  tool,  the  mid  was  cast  of  a  hard  plaster  (K-25) 
vith  a  -wall  thickness  of  approximately  three  inches  and  sealed  vlth 
lacq^uer,  Simniz  vax  and  peanut  oil. 

The  mold  was  then  nodifled  by  the  addition  of  a  pljvood  face  sheet 
and  a  plywood  end.  This  modification  was  done  so  that  the  ceramic  tool 
could  be  cast  on  end  as  an  Inverted  cone  to  prevent  the  entrapment  of 
bubbles  on  the  working  surface. 

A  cardboard  tube  was  attached  to  the  bottom  of  the  mold  so  that  it 
would  protrude  into  the  center  of  the  casting.  This  formed  a  cavity  for 
anchoring  an  eyebolt  which  was  needed  for  handling  the  massive  solid 
casting  (see  Pigvu'e  155 )• 

For  the  cap  type  tool,  the  same  splash  was  used,  but  a  core  was  used 
as  shown  in  Figure  I58. 

Code  2$A.l 

The  mold  was  cast  of  Ifumber  1  pottery  plaster  with  a  wall  thickness 
of  approximately  five  inches  and  left  porous. 

It  was  then  fitted  with  a  plaster  end  block  so  that  the  tool  could 
be  cast  in  the  vertical  position.  A  sheet  metal-plywood  shape,  shown  in 
Figure  158  with  another  mold,  was  attached  to  the  plywood  face  sheet  that 
closed  the  open  side  of  the  mold.  This  core  was  made  to  fill  up  the  center 
of  the  mold  so  that  the  casting  wall  thickness  would  be  approximately 
three  inches.  This  was  done  to  facilitate  the  drying  and  firing  of 
the  Code  25A.1  material. 

Tool  Fabrication 


Code  12E.1  Solid  Type 

The  solid  12E.1  stretchforra  block  was  cast  in  the  sealed  hard  plaster 
mold.  The  mold  was  wiped  lightly  with  peanut  oil  as  the  parting  agent. 

A  two  and  one -half -yard  capacity  concrete  mixer,  shown  in  Figtire  I56 
with  a  Phase  V  tool,  was  used  to  mix  enough  of  tlie  12E.1  material  to 
coii$>Letely  fill  the  mold  at  one  time  and  avoid  lamination.  Nineteen 
hundred  pounds  of  the  ISE.l  material  and  approximately  two  hundred  thirty 
pounds  of  water  were  req,uired  to  fill  the  mold. 

¥axed,  threaded  studs  with  l/2  x  3  x  3  inch  anchor  plates  attached 
were  placed  inside  of  the  mold  through  the  plywood  face  sheet  before 
casting  (refer  to  Figure  155).  These  anchored  studs  were  used  to  attach 
the  stretchfora  block  to  the  stretch  press  where  it  was  tested.  The  studs 
were  waxed  so  that  they  could  be  threaded  out  of  the  steel  anchor  plates 
which  remained  in  the  casting. 

After  casting,  the  mold  was  screeded  off  at  the  top  and  left  covered 
with  wet  burlap  for  24  hours.  After  this  period,  the  mold  end  and  face 
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sheets  were  removed  and  the  casting  was  lifted  away  from  the  mold.  Ho 
difficulty  was  encountered  in  parting  the  mold  from  the  casting. 

Immediately  after  removal,,  the  casting  was  wrapped  in  wet  burlap  to 
prevent  the  surface  from  drying  too  rapidly. 

The  cardboard  tube  sms  removed  from  the  end  of  the  tool  and  a  large 
steel  pad  eye  was  inserted  into  the  cavity.  Additional  12E,1  material 
was  ralxed  and  cast  into  the  cavity  around  the  rod.  The  internal  electric 
vibrator  was  used  so  tliat  the  castable  flowed  into  the  cavity  very  easily. 
Small  rods  had  been  welded  to  the  pad  eye  for  centering  the  shank  in  the 
cast  hole  and  to  aid  in  anchoring  the  shank  to  the  casting  (see  Figure  157 )» 

After  drying  at  room  temperature  for  one  week,  the  12E.1  solid 
stretchform  block  was  placed  in  the  drying  oven  at  I50  F.  The  tool  was 
allowed  to  r era  in  at  I50  F  for  another  week,  after  which  It  was  placed 
in  another  drying  oven  at  250  F  for  final  drying.  Upon  completion  of  a 
week  of  drying  at  25O  F  the  tool  was  removed  for  testing. 

Code  12E.1  Cap  Type 


The  Code  .12E,1  cap  type  stretchform  block  was  cast  in  the  sealed  hard 
plaster  mold.  Peanut  oil  was  wiped  lightly  on  the  mold  as  the  parting 
agent . 

The  sheet  metal  core  was  suspended  In  the  mold  so  that  an  approximate 
three-inch  wall  thickness  would  be  obtained.  The  mold  was  placed  in  a 
horizontal  position  with  both  ends  closed  with  plywood  as  shown  by 
Figure  158. 

The  mold  was  filled  in  three  batches  with  internal  vibration  being 
used  to  flow  the  rater lal  into  place.  After  filling,  the  excess  material 
was  screeded  off  level  with  the  top  of  the  mold  and  the  mold  was  covered 
with  a  0,003  inch  Myla’*  film  to  retard  rapid  drying. 

The  sheet  metal  core  was  removed  after  24  hours  and  the  raold  and 
casting  were  covered  with  wet  burlap  for  additional  curing.  After  curing  for 
hours,  the  cavity  which  was  left  by  the  removal  of  the  core  was  filled 
With  a  light-weight  Vermculite-Pcrtland  cement  castable  (Code  5P.1). 


After  the  core  had  dried  for  four  days  in  the  12E,1  cap,  the  completed 
tool  was  removed  from  the  iiiold  and  placed  in  the  dryer  at  I50  P  where  It 
remained  for  five  days  before  use  (sec  Figure  159). 

Code  25A,1  (Cap  Type) 

The  Code  25A,1  stretchform  block  was  east  In  the  Humber  1  pottery 
plaster  mold.  The  sheet  metal  core,  as  used  with  the  cap  type  12E,1 
stretcl.foria  block,  was  used  so  that  a  three-inch  tool  wall  thickness 
would  be  obtained ,  The  tool  was  cast  in  the  vertical  position  using 
internal  vibration,  (Refer  to  Table  31,  Page  305,) 
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When  the  laold  was  filled  with  the  25A.1  material  it  was  covered  with 
a  sheet  of  Mylar  film  to  prevent  surface  evaporation.  This  cover  was 
removed  after  two  days  to  accelerate  the  drying. 

The  mold  was  placed  in  a  horizontal  position  and  the  sheet  metal  core 
was  removed  five  days  after  the  tool  was  cast.  The  core  released  from 
the  tool  very  easily.  After  the  core  Imd  been  removed,  drying  cracks  were 
found  in  the  corners  of  the  tool  where  the  top  or  large  end  intersected 
with  the  sides.  Portions  of  the  end  containing  these  cracks  were  sawed 
out  so  that  the  cracks  could  be  repaired  by  filling  with  fused  silica 
cement.  Code  25^,1, 

A  fused  silica  foam  core,  25E.1,  was  installed  in  the  cast  25A,1 
material  shell  using  the  25D.1  cement  to  hold  the  shaped  foam  blocks  in 
place.  The  25A.1  stretchform  block  was  reinforced  with  the  foam  blocks 
in  an  "egg-crate"  manner  which  left  open  spaces  between  the  reinforcing 
blocks  (see  Figure  160), 

After  the  installation  of  the  reinforcing  fused  silica  foam  blocks 
into  the  25A.1  stretchform  block,  the  congsleted  tool  was  placed  in  a 
drying  oven  at  I5O  F,  The  tool  was  then  fired  using  the  rates  and 
teiiperatures  previously  determined  as  being  optimum  for  this  material. 

Testing 

The  stretchform  evaluation  was  done  on  a  90-ton  capacity  Hufford  stretch 
press.  One  ,031  inch  thick  AISI  420  stainless  steel  part  was  formed  on  each 
of  the  three  stretchform  blocks.  The  blocks  evaluated  weres  solid  type  12E.1, 
cap  type  12E.1,  and  cap  type  25A.1. 

A  portable  type  saturable  reactor  and  transformer  capable  of  supplying 
65  CTA  at  15  volts  AC  was  set  up  near  the  production  stretch  press  to  supply 
the  power  necessary  to  heat  the  blank  to  l400  F  by  its  own  resistance.  The 
block  was  positioned  on  the  press  and  the  blank  was  bolted  to  specially 
designed  adapters  which  were  held  in  the  jaws  of  the  press.  Laminated 
phenolic  Insulators  were  placed  between  the  copper  electrodes  and  the  above 
mentioned  adapters.  Figure  I6I  Illustrates  the  press  setup. 

The  AISI  420  blanks  were  heated  to  l400  F  and  stretched  into  shape  with 
forces  ranging  from  10  to  12  tons.  Electrical  power  was  maintained  throughout 
the  stretching  operation. 

Hydrofora  Block 

Mold  Construction 

A  typical  production  hydroform  block  was  used  as  the  model.  The  nxidel  was 
waxed  and  polished  to  prevent  the  plaster  splash  from  adhering. 

An  open  box  was  built  around  the  n»del  to  contain  the  mixed  plaster. 

After  pouring  In  sufficient  plaster  to  cover  the  model,  additional  plaster 
mixed  with  hemp  fiber  was  added  for  strengthening  the  mid.  Two  pipes  were 
embedded  in  the  mold  material  with  their  ends  protruding  for  handling  aids. 
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Code  12E.1 

The  mold  was  made  with  hard  {K-2^)  plaster.  After  the  plaster  had  set 
the  mold  was  renioved  from  the  nodel  and  dried  thorouglily  at  I50  F.  It 
was  then  sealed  with  lacquer,  heavily  waxed  and  polished. 

Code  2^A.l 

A  Number  1  pottery  plaster  mold  was  made  with  one  Inch  thicker  sides 
than  the  hard  plaster  mold,  which  had  three  inch  thick  sides,  so  that  it 
would  have  sufficient  water  absorption  capacity. 

After  the  plaster  had  set,  the  mold  was  removed  from  the  model  and 
dried  thoroughly  at  I50  F. 

The  Kuraber  1  pottery  plaster  mold  was  left  unsealed  so  that  it  would 
absorb  water , 

Tool  Fabrication 

Code  Ig'E.l  Solid  Type 

The  12E.1  solid  hydroform  block  was  cast  In  the  sealed,  hard  plaster 
mold.  After  waxing  and  polishing,  the  mold  was  coated  lightly  with 
peanut  oil  as  a  parting  agent  and  filled  with  I5O  pounds  of  the  castable, 
which  was  mixed  in  the  mix-^uller.  The  surface  was  then  screeded  off  as 
flat  as  possible  and  covered  with  a  thin  sheet  of  plastic  to  aid  in 
curing.  The  casting  was  renoved  from  the  nwld  after  curing  for  2k  hours 
and  wrapped  in  wet  burlap  for  an  additional  2k  hours.  The  tool  was  then 
placed  in  the  drying  oven  at  I50  F,  where  it  remained  for  one  week.  Upon 
the  completion  of  the  drying  period  the  tool  was  placed  in  the  250  F 
drying  ove-n  where  it  remained  for  approximately  10  days  before  use. 


The  12E.1  cap  type  hydroform  block  was  cast  in  the  same  mold  as  the 
solid  J2E.1  hydrofoi'E  block.  The  core  for  this  tool  was  fabricated  by 
welding  plates  of  1/4  inch  thick  steel.  The  core  was  shaped  so  that 
approximately  one  inch  of  the  castable  would  surround  the  core  on  the 
working  face.  The  bottom  of  the  tool  was  left  open.  Numerous  holes  were 
cut  in  the  welded  core  to  allow  the  castable  material  to  flow  up  through 
these  holes  and  anchor  the  core  to  the  cast  cap. 

The  tool  was  cast  by  pouring  approximately  one  inch  of  the  12E.1 
niaterial  into  the  mold  and  then  pressing  in  the  welded  core.  The  setup, 
before  pouring,  is  shown  in  Figure  162,  More  nsaterial  was  then  added 
to  completely  fill  up  the  space  between  the  core  and  the  mold.  Internal 
vibration  was  used  to  make  the  castable  flow  easily.  The  mold  was 
covered  with  plastic  film  after  it  was  filled  and  screeded  off. 
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The  tool  remained  covered  In  the  mold  for  two  days  before  being 
rensaved  and  air  dried  at  room  temperature  for  2k  hours.  It  was  then 
placed  in  the  drying  oven  at  15O  F.  After  drying  at  15O  F  for  five  days 
the  tool  was  placed  in  the  25O  F  oven  where  it  remained  for  one  week 
until  it  was  used. 

Code  25A.1  Solid  Type 

The  25A.I.  solid  type  hydroform  block  was  cast  in  the  pottery  plaster 
mold. 

A  heavy  coating  of  Keltex  was  sprayed  on  the  mold  in  an  effort  to 
ensure  that  no  difficulties  would  be  encountered  in  removing  the  solid 
25A,1  hydroform  block  from  the  lasld.  This  extra  heavy  coating  of  Keltex 
tended  to  seal  the  pottery  plaster  mold  rather  than  leave  it  porous  as 
it  should  have  been.  When  the  tool  was  removed  from  the  nwld  it  was 
found  that  this  sealing  tendency  of  the  Keltex  had  produced  pits  in  the 
surface  of  the  tool.  The  tool  also  cracked  In  several  places  as  it  was 
being  removed  from  the  mold.  This  failure  was  due  to  a  lack  of  strength 
which  was  caused  by  the  moisture  in  the  25A,1  material  not  being  absorbed 
by  the  nold.  This  first  tool  was  conseciuently  discarded. 

After  casting  the  second  tool  using  graphite  and  slip  wash  as  the 
parting  agent,  the  mold  was  covered  with  a  plastic  film  so  that  iwjisture 
would  be  absorbed  by  the  porous  mold  rather  than  lost  through  surface 
evaporation.  This  method  of  casting  has  been  found  to  produce  the  best 
fused  silica  tools. 

This  second  25A.1  hydroform  block  was  allowed  to  remain  In  the  mold 
for  five  days  after  casting  in  order  to  obtain  as  much  strength  as 
possible  in  an  effort  to  avoid  cracking  upon  removal  from  the  mold.  After 
the  tool  was  successfully  removed  from  the  mold,  it  was  air  dried  at 
room  temperature  for  three  days.  At  the  end  of  this  period  the  tool 
was  placed  in  the  drying  oven  at  I50  F  where  it  remained  for  two  weeks 
before  being  fired,  (Refer  to  Table  31j  Page  30^*.) 

Code  29A.1  Cap  Type 

The  25A.1  cap  type  hydroform  block  was  east  in  the  pottery  plaster 
mold  in  the  same  manner  as  the  latter  solid  tool,  except  that  a  fused 
silica  foam  core  was  pushed  into  the  25A.1  material  in  the  mold.  Ex¬ 
ternal  vibration  was  applied  to  the  foam  core  by  an  electric  vibrator 
to  aid  in  forcing  the  core  into  the  cap  material. 

The  foam  core  was  built  up  of  shaped  foam  blocks,  25D.1,  cemented 
together  with  fused  silica  cement,  25E.1.  The  shape  of  the  core  was 
such  that  a  one-inch  thick  cap  of  the  25A,1  material  surrounded  the  core 
after  placement. 

The  mold  was  covered  with  plastic  film  after  the  core  bad  been 
vibrated  into  place.  The  material  was  allowed  to  harden  in  the  no  Id  for 
four  days  before  the  tool  was  removed  for  air  drying. 
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While  being  removed  from  the  mold,  tlie  tool  cracked  along  one  edge 
in  line  with  a  foam  block.  This  crack  was  repaired  with  fused  silica 
cement  and  the  repaired  tool  was  dried  at  room  temperature  for  one  week 
before  being  placed  in  the  150  F  drying  oven.  After  drying  at  I50  P  for 
one  week,  the  tool  was  fired,  but  inadvertently  never  tested  or  evaluated. 

Testing 

The  5000-ton  capacity  Lake  Erie  Hydropress  was  used  to  evaluate  the  pro¬ 
duction  size  hydroform  blocks.  One  .031  inch  thick  AISI  420  stainless  steel 
part  was  formed  on  each  of  the  blocks  evaluated, 

A  portable  type  saturable  reactor  and  transformer  capable  of  supplying 
65  KVA  at  15  volts  AC  was  set  up  near  the  production  hydropress  to  supply 
the  power  to  heat  the  blank  to  l400  F  by  its  own  resistance. 

The  hydroform  block  to  be  tested  was  seated  either  on  a  5/l6  inch  thick 
rubber  pad  or  on  a  3/8  inch  piece  of  plywood.  The  blanks  were  connected  to 
the  copper  electrodes  and  placed  on  the  block.  The  blank  and  electrodes  were 
electrically  insulated  from  the  press  with  a  Kaowool*  blanket.  One  and  one- 
half  inches  of  this  blanket  were  placed  over  the  blank  to  provide  thermal 
protection  for  the  trapped  rubber  head  on  the  press.  Additional  protection 
was  provided  by  a  5/16  Inch  thick,  high  temperature  rubber  mat.  This  setup 
is  illustrated  in  Figxires  I63,  164,  and  I65, 

The  blank  was  heated  to  l400  F,  The  power  was  cut  off  Just  before  the 
trapped  rubber  head  contacted  the  block.  Forming  pressures  used  were  25CX} 
psl**  for  the  solid  type  12E.1  block  and  1250  psl  for  the  cap  type  IHE.l  and 
solid  type  25A,1  block.  The  lower  pressure  is  considered  to  be  minimum  for 
producing  an  acceptable  part  of  the  configuration. 

Draw  Heat  Treat  Fixt\ire 


Mold  Construction 


Code  12E.1 

The  mold  for  the  female  portion  of  the  12E.1  draw  heat  treat  fixture 
was  fabricated  by  boxing-ln  the  12E.1  laboratory  size  stretchform  block 
with  plywood  sides  so  that  a  mating  ceramic  block  could  be  cast.  Allow¬ 
ance  was. made  for  ri^tal  thickness  by  the  use  of  thin  sheet  wax  over  the 
stretchform  block  model. 

Waxed  tubes  were  inserted  Into  the  mold  to  form  lifting  holes. 

Tool  Fabrication 
Code  12E.1 

A  solid  type  draw  heat  treat  fixture  was  cast  of  the  12E.1  inaterlal, 
using  the  12E,1  laboratory  size  stretc'tif orm  block  for  the  /iiale  half  and 
as  a  model  for  casting  the  female  half  of  the  fixture. 

♦Trade  name,  Babcock  &  Wilcox  Company 
^This  ram  pressui'e  resulted  in  I60O  psl  on  part. 
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The  mold  was  filled  with  12E.1  material  using  internal  vibration 
so  that  the  castable  would  flow  around  tie  waxed  tubes  in  the  nold  which 
formed  lifting  holes »  After  the  mold  was  filled,  it  was  leveled  off  and 
covered  with  plastic  film  for  curing. 

The  casting  was  removed  from  the  nsjld  after  drying  for  three  days 
and  separated  from  the  male  half  of  the  fixture.  Both  halves  of  the 
fixture  were  dried  at  room  temperature  for , two  days  before  being  placed 
in  the  150  P  dryer.  The  tool  was  then  dried  at  I50  P  for  five  days 
before  being  placed  in  the  25O  F  dryer  where  it  remained  for  one  week 
prior  to  use,  (Refer  to  Figures  166  and  l67f 

Testing 

Code  121,1 


I 


The  stress  relief  or  draw  heat  treat  fixtvire  evaluation  utilized  one 
of  the  .031  inch  AISI  k20  parts  which  had  previously  been  formed  during 
the  evaluation  of  the  laboratory  size  stretchform  blocks.  This  part 
was  inserted  into  the  working  area  of  the  tool  for  the  evaluation  run  in 
the  furnace  (see  Figures  I66  and  I67). 

Thermocouples  to  monitor  the  run  were  placed  in  four  positions, 
Number  one  was  placed  in  a  hole  drilled  four  Inches  deep  in  the  male 
portion  of  the  fixture,  number  two  was  placed  at  the  Interface  in-  the 
center  of  the  fixture,  number  three  was  placed  at  the  interface  near  the 
edge,  and  number  four  was  left  exposed  to  indicate  furnace  temperature. 
Grooves  were  ground  into  the  male  part  of  the  fixture  to  receive  the 
thermocouple  wire  and,  thus,  prevent  distortion  of  the  part. 

The  draw  heat  treat  fixture  was  fired  to  1000  F  at  lOCP/hr,  before 
testing.  When  it  had  cooled  to  room  teniperature  the  thermocouples  were 
Inserted;  the  part  placed  in  position;  and  the  completely  assembled 
fixture  was  put  into  the  furnace  at  1000  F, 

A  four -channel  temperature  recorder  was  used  to  make  a  record  of  the 
evaluation  run.  A  Lindberg  circulating  hot  air  furnace  was  used  in  the 
evaluation. 

Heat  Treat  Fixttire 


The  Contractor  used  material  25A,1  during  a  B--70  manufacturing  development 
program  for  brazing  fixtures  and  hot  sizing  tools.  Exhibit  7  Figures  12  thru  I9 
illustrate  such  tools.  Because  of  this  extensive  program,  only  one  tool  was 
made  and  evaluated  under  this  contract,-  permitting  greater  exploitation  of  the 
forming  application.  See  Pages  lt-41  thru  472  for  Exhibit  7, 


I 

I 

I 


ItoLd  Construction 


Code  2i^A.I 

The  25A.1  laboratory  size  stretchform  block  was  used  as  the  model 
for  constructing  the  heat  treat  fixture.  The  feiaale  half  of  the  tool 
was  fabricated  on  the  existing  25A.1  stretchform  block  so  a  complete 
mold  was  not  needed. 

Tool  Fabrication 
Code  2^A,1 

A  braze  and/or  heat  treat  fixture  was  fabricated  of  the  25A.1 
material  using  a  cast  fused  silica  face  over  shaped  silica  foam  blocks. 

The  25A.1  laboratory  size  stretchform  block  was  used  as  the  male 
half  of  this  heat  treat  fixture  and  the  female  half  of  the  tool  was 
fabricated  on  the  stretchform  block  with  allowance  being  made  for  metal 
thickness,  A  cap  of  the  25A,1  material  was  cast  on  the  stretchform  block 
and  a  back-up  core  of  cemented  fused  silica  foam  blocks  was  cemented  to 
It, 


After  drying  at  room  temperature,  the  fixture  was  placed  in  the 
drying  oven  at  I50  P  where  it  remained  for  five  days  before  being  fired. 

Testing 

Code  25A.'l 

The  fixture  was  provided  with  four  thermocouples  arranged  the  same 
as  the  draw  heat  treat  fixture  and  a  metal  part  was  placed  in  It  for  the 
evaluating  run.  The  assembly  with  its  contained  part  and  thermocouples 
was  placed  in  the  furnace  at  I85O  F  (refer  to  Figure  I70), 


DISCUSSION  (F  RESULTS 


Stretchform  Block 


Table  35  gives  test  data  and  results  of  the  stretchform  block  evaluation. 
None  of  the  tools  was  affected  by  the  IkOO  F  temperature  of  the  blank. 

Code  12E.1  Solid  T^-pe 

This  tool  was  broken  in  the  forming  operation  because  a  slight  bow  on 
the  back  surface  allowed  a  build-up  of  bending  forces  (see  Figure  168), 
However,  a  part  was  formed  and  this  tool  could  be  used  again  if  repaired 
and  properly  supported  in  the  press,  A  load  of  12  tons  was  used  to  form  the 
part. 
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Code  12E.1  Cap  Type 

This  tool  fonced  an  acceptable  part,  but  an  overlap  of  the  blank  off  the 
bottom  edge  set  up  shear  forces  which  caused  the  failure  as  illustrated  in, 
Figures  155  and  169,  The  back  surface  of  this  tool  was  capped  with  K-25 
plaster  and  further  supported  in  the  press  with  a  SA  inch  thick  alumlnxira 
plate o  A  load  of  12  tons  was  used  for  forming  the  part. 

Code  25A.I  Cap  Type 

This  block  was  used  in  forming  an  acceptable  part.  No  damage  to  the 
block  was  detected.  The  back  side  of  the  stretchfons  block  was  capped  with 
K-25  plaster  and  the  3/^  inch  thick  aluminum  support  plate  was  used.  An 
indicated  loading  of  10  tons  was  used  in  forming  the  part. 

Hydroform  Block 

Taole  36  gives  test  data  and  results  of  the  hydroform  block  evaluation.  None 
of  the  tools  was  affected  by  the  1400  F  temperature  of  the  blank. 

Code  12Eal  Solid  Type 

A  5/16  inch  rubber  pad  was  placed  under  this  tool  on  the  press  table.  This 
block  formed  an  excellent  part,  but  unfortunately  the  hi^  pressure  used  broke 
the  block  (see  Figure  I71).  The  failure  occurred  due  to  bending  forces  set  up 
under  the  forming  pressure.  The  l400  P  metal  had  no  apparent  ill  effecu  on 
the  block. 

Code  12E.1  Cap  Type 

This  tool  also  formed  an  acceptable  part,  but  a  considerable  amoxmt  of 
cracking  occurred.  The  block  was  seated  on  a  piece  of  l/2  inch  plywood.  The 
cracking  observed  did  not  cause  complete  failure,  but  it  is  doubtful  if  another 
acceptable  part  could  be  formed  on  this  block.  Again  the  cracking  was  caused 
by  bending  forces.  Figure  172  illustrates  the  block  after  the  evaluation. 

Code  25A.1  Solid  Type 

The  25A.1  block  formed  an  acceptable  part  and  only  one  small  crack  resulted. 
This  tool  was  leveled  on  the  bottom  by  setting  it  in  K-25  plaster.  A  5/16  inch 
rubber  pad  was  placed  under  this  tool  on  the  press  table,  A  forming  pressure 
of  1250  psi  was  used  (see  Figure  173 )♦ 

Draw  Heat  Treat  Fixture 

Code  12E.1  Solid  Type 

As  was  expected,  considerable  time  elapsed  before  the  center  portion  of 
the  fixture  and  part  came  up  to  furnace  temperature.  The  furnace  naturally  lost 
heat  when  it  received  the  massive  fixture  but  recovered  in  approximately  one 
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and  oae-^fourth  hours,  as  indicated  "by  thermocouple  Hunter  The  edge  of  ; 
part  came  up  to  within  25  F  of  the  furnace  tet-sperature  in  twelve  and  one-hs 
hours,  but  the  central  port?»on  of  the  part  did  not  reach  ouch  ter/iperature  u 
sixteen  and  one  half  hours  had  elarjced,  as  shown  by  thermocouples  3  and  2 
respectively.  Thermocouple  Number  1,  burled  In  the  center  of  the  fixture, 
still  40  F  below  furnace  temperature  when  the  fixture  was  removed  from  the 
furnace  after  approximately  twenty-one  hours. 


Slrallarly,  a  long  period  of  time  was  req.uired  to  cool  the  asseiitily.  The 
center  of  the  part  was  still  at  4-30  F  and  the  center  of  the  fixture  was  at 
500  F,  as  shown  by  therraocouples  2  and  1  respectively,  four  hours  after 
removal  of  the  fixture  froia  the  furnace. 

The  1000  F  temperature  had  very  little  effect  on  the  fixture  itself.  So 
surface  cracking  occurred  and  the  depth  of  cracks  extending  from  the  edges 
toward  the  center  of  the  narrow  porilon  of  the  top  bridge-like  member  of  the 
fixture  Increased.  These  cracks  w^ere  noted  after  the  pre-heating  before  the 
evaluation  run  and  indicate  they  will  probably  be  the  cause  of  eventual  faili 

Heat  Treat  Fixture 
Code  25A.1 

A  time  of  one  and  three-quarter  hours  was  required  by  the  furnace  to 
regain  a  temperature  of  I85O  P  due  to  the  cooling  effect  of  the  fixture.  Whei 
the  fixture  had  been  in  the  furnace  for  ten  hours,  the  edge  of  the  part  had 
reached  I6OO  F,  the  center  of  the  part  had  reached  1470  F  and  the  center  of 
the  fixture  had  reached  1530  F,  After  15  hours  the  temperatures  were  1773  F, 
1750  ¥,  and  I81O  F  respectively  while  the  furnace  temperature  had  leveled 
off  at  an  indicated  temperature  of  I820  F. 

The  fixture  was  rernoved  from  the  furnace  and  allowed  to  cool  in  suill 
air  with  periodic  checks  made  of  the  temperature  in  the  fixture.  The  thersral 
insulating  properties  of  this  material  were  such  that  thirty  hours  after 
removal  from  the  furnace  the  center  of  the  fixture  still  indicated  150  F  (see 
Figure  170). 


CONCLUSIONS 

1.  AISI  420  stainless  steel,  when  resistance  heated  to  l400  F,  can  be  satis¬ 
factorily  formed  on  castable  refractory  stretchform  blocks  and  hydroforia 
bloc  KS  6 

It  is  irandatory  to  provide  the  tools  with  a  flat  base  for  mounting  in  the 
press . 

3.  Cap  type  stretchform  block  and  hydroform  block  tooling  performed  as  satis¬ 
factorily  as  solid  tyrje  tooling. 
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Ji-.  Cap  type  tooling  has  the  duel  advantage  of  heing  lighter  and  possibly  less 
expensive  than  solid  type  tooling. 

5.  In  the  hydroprass  forming  operation,  the  rubber  pressure  pad  was  protected 
from  the  14^00  P  metal  by  all/2  inch  Kaowool  blanket. 

6.  Material  Code  12E.1  performed  satisfactorily  as  a  draw  heat  treat  fixture  with 
AISI  420  tempered  at  1000  F.  The  fine  surface  cracks  observed  on  the  fixture 
after  use  would  not  affect  the  nested  metal  part.  This  type  fixtitre  is  not 
advisable  however,  because  of  the  long  heating  and  cooling  tlTTies  req^uired, 

7.  Material  Code  25A.1,  the  only  material  evaluated  as  a  heat  treat  fixture,  was 
unaffected  by  exposure  to  the  I85O  F  heat  treating  cycle,  but  like  the  draw 
heat  treat  fixture-  evaluated,  requires  excessively  long  cycle  times. 

8.  Not  considering  the  inefficiency  of  the  long  cooling  period,  ■tAich  Is  a 
limiting  factor,  the  thermal  insulating  properties  of  25A.1  limit  its  austen¬ 
itization  beat  treat  fixture  use  to  metals  having  generous  critical  cooling 
rates.  This  will  always  be  the  case  unless  the  tool  design  incorporates 
supplementary  cooling  features  as  is  common  with  25A.1  braze  fixtures,  or 

a  separate  quench  fixture  Is  provided. 


RECOMMENDATIONS 


1.  Ceramic  tools  should  be  thoroughly  dried  either  before  firing  or  before  use 
at  elevated  temperatures. 

2,  Ceramic  tools  must  be  provided  with  adequate  back-up  structure  to  minimize 
bending  stresses  Induced  by  the  forming  operation. 

3.  Sections  of  cast  fused  silica  tools  should  be  held  to  a  maximum  thickness  of 
about  four  Inches  for  ease  of  firing. 

4,  Because  of  the  Insulating  qualities  of  ceramics,  "soak  through"  type  ceramic 
furnace  fixtures  should  be  avoided. 


.4.  <1. 
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TABLE  31  TOOL  FAMICATION  -  LABQRATCRI  AKD  PRODUCTION  SIZE 


PARTING 

AGENT 


CAST/vBLE 
AND  TOOL 

CASTING 

iROCEDURE 

PERCENT 

WATER 

LABORATORY  SIZE 

5A.1 

hydroform 

block 

K-25  mold 
int.  Ylb. 

9.5 

stretch- 
form  block 

M 

draw  die 
punch 

t1 

fl 

draw  die 
ring  (top) 

tt 

ft 

ring  (hot.) 

plastic  acid 
ext.  vlb. 

9.0  to  lac 

12E.1 

hydroform 

block 

K-25  mold 

Int.  vib. 

11.0 

stretch- 
form  block 

It 

" 

CURING 

FIRING 

REMARES 

mYIHG 

PROCEDURE 

wax  and  24  hrs.  In 
silicone  mold.  4B 


grease 


!  hrs .  at 
140  F 


peanut  oi] 


wax  and  24  hrs.  in 

silicone  mold,  48 
grease  hrs.  at 

140  F. 


HF^ castings  also 
innde  in  epoxy  plastic 
mold  with  ext.  vibra¬ 
tion.  See  Figures 
132  and  134 

^ioid  is  shown  in 
Figure  l40. 

Mold  is  shown  in 
Figure  145.  { 

Top  ring  csist  in  K-25, 
mold  for  smooth  upper: 
face .  Mold  Is  shown 
in  Figure  146. 


HFB  castings  also 
(  made  in  epoxy  plastic 
i  mold  with  ext.  vih. 


♦Hydroform  block 
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CASTABLE 
AND  TOOL 

CASTIItG 

raOCEDURE 

PEROEOT! 

WATER 

draw  die 
punch 

K-25  mold 
int.  rib. 

H.O 

draw  die 
ring  (top) 

ft 

n 

ring  (bot.) 

plastic  mold 
ext.  rib. 

f! 

12F.1 

hydroform 

block 

K-25  mold 
int.  rib. 

11.0 

stretchform 

block 

tf 

ft 

draw  die 
punch 

ft 

If 

i 

draw  die 
ring  (top) 

f1 

11.5 

ring  (bot.) 


If 


II 


PARTIBG 

AGEHT 

CIRIHG 

DRYING 

PIRIIIG 

PROCEDURE 

wax  and 
silicone 
i  grease 

2k  hrs.  in 
mold.  48 
hrs.  at 

140  F 

none 

ft 

tf 

11 

wax  and 
peanut  oil 

ft 

It 

wax  and 

silicone 

grease 

24  hrs.  in 
mold.  48 
hrs.  at 

140  I' 

250°/to.  to 
1000  F. 

4  hr.  at 
1000  F. 

If 

tf 

125°/hr  to 
1000  F. 

4  hrs  at 
1000  F. 

ff 

f< 

II 

It 

1 

ff 

11 

! 

1 

1 _ 

tl 

ft 

Top  ring  cast  in 
K-25  mold  for  smooth 
upper  surface. 


appear  on  surface 
of  all  12E.1  tools 
after  firing. 
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CASTABLE 
AM)  TOOL 


CASTING 

PROCEDURE 


PERCENT 

WAIER 


PARTING 


. . .  T-  -r| 

25A,1 

hydroform 

block 

cast  in  pot¬ 
tery  plaster 

3.0 

Keltex 

«» 

cast  in  K-2i) 
mold  with  int. 
vib. 

3.0 

wax  and 

silicone 

grease 

stretchform 

block 

solid  type 
cast  in  K”25 
mold  int.  vib, 

3.0 

tl 

cap  type, 
slip  cast  in 
pottery 
plaster  to 
form  cap  of 
25B.1-25A.1- 
cast  in  cap 
while  wet. 

3.0 

Keltex 

draw  die 
punch 

cast  in  K-25 
plaster, 
int.  vib. 

3.0 

wax  and 

silicone 

grease 

:om”d) 


CURING 

DRXmJ 

FIRING 

mOCEDURE 

REMARKS 

24  hrs.  in 
mold.  48 
hrs.  at 

140  F. 

fl 

500°/hr.  to 
2000  F.  4 
hrs.  at 

2000  F.  Cool 
in  kiln. 

Smooth  surface  obtain* 
ed  with  few  bubbles. 
Also,  a  tool  was  cast 
In  the  plastic  mold. 

Small  castings  are 
not  difficult  to 
aggregate  cast. 

48  hrs.  in 
mold .  72 
hrs.  at 

140  F 

12-14  hrs. 
at  300  P 
2000/hr  to 
1000  F. 

Casting  was  grainy  on 
surface.  {This  tool 
not  tested  or  evalu¬ 
ated,  another  tool 
cast  in  pottery  plas¬ 
ter  was  used . ) 

ff 

300°-400°/hi- 
to  1800  F. 

1  hr  at 

1800  F. 
Rapidly  to 
2000  F.  8 
to  12  hrs  at 
2000  F, 

Very  smooth  surface 
with  fine  shrink 
cracks .  Cracks 
opened  up  in  firing 
to  make  block 
unuseable . 

If 

ff 
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TABLE  31  (COKT’D) 


CASTABLE 
AHD  TOOL 

CASTING 

mOCEDURE 

PERCEirr 

WAOm 

PABTIHG 

AGEKP 

CURING 

remiG 

FIRING 

PROCEDUSE 

REMARKS 

draw  die 

cast  in 

3.0 

wax  and 

48  hre,  in 

300-400O/hr 

Surface  smooth  except 

ring  (top) 

plastic  itold 
ext,  vib. 

peanut  oil 

mold.  72 
hrs.  at 

140  F. 

to  1800  F. 

1  hr.  at 

1800  F. 

Rapidly  to 

for  bubbles. 

ring  (bot.) 

cast  in 
pottery 
plaster 

3.0 

Keltex 

11 

2000  F.  8 
to  12  hrs. 
at  2000  F, 

Smooth  surface 

ioBa.i 

250°/hr.  to 

hydroform 

cast  in  K-25 

3.5 

wax  and 

24  hrs  in 

Block  did  not  set  up. 

block 

plaster  mold 
with  int.  vib* 

silicone 

grease 

mold.  24 
hrs*  at 

140  P 

1000  F.  4 
hrs.  at 

1000  F. 

Plaster  conducts  away 
heat  needed  for  chem¬ 
ical  reaction.  One 
cast  in  plastic  mold. 

Btretchform 

cast  in  plas- 

3.5 

wax  and 

ff 

125°/hr.  to 

Block  rough  and  pit- 

block 

tic  mold  with 
Int.  vib. 

peanut  oil 

1000  F. 

ted  in  some  areas. 

draw  die 
punch 

If 

If 

If 

ft 

ff 

Casting  did  not 
release  from  mold. 

draw  die 
ring  (top) 

II 

If 

tt 

II 

If 

Casting  did  not 
release  from  mold. 
Pits  and  holes  In 
surface. 

ring  (bot.) 

not  made 

— 

- 

- 

- 
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CASTABLE 
AMD  TOOL 


CASTING 

PROCEDURE 


PERCE2W 

WATER 


TABLE  31  (CONT’D) 


PARTIHG  GURIHG  FIRING  REMARKS 

mrOG  PROCEDURE 

powdered  5  days  In  fired  at  Block  had  very  smooth 

graphite  mold  and  iOOO  F  surface,  K-25  base 

and  silica  3  days  out,  was  applied  to  bottom 

slip  wash  room  temp.  of  too,  ' 

2  wks.  at 
150  F. 


If 


days  in 


fired  at 
2000  F 


room  temp. 
1  week  at 
150  F. 


Crack  occurred  when 
tool  was  removed 
from  mold .  Was 
repaired  with  fused 
silica  cement;  but, 
inadvertently  not 
evaluated. 


Production  Size 


Slmonlz  2k  hrs.  In  unflred  A  waxed  paper  tube 

wax  and  mold.  1  wk,  was  placed  in  the 

peanut  at  room  mold  to  provide  a 

oil  temp,  under  cavity  for  anchoring 

wet  burlap.  an  eye  bolt.  Also 

1  wk.  at  waxed  anchor  nuts 

150  F.  1  were  positioned  to 

wk.  at  25c®’  receive  mounting 

studs. 
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TABLE  31  (COOT'D) 


CASTABLE 

CASTING 

PERCENT 

PARTISG 

CURING 

PIEIHG 

REMARKS 

AID  TOOL 

PROCEDURE 

WATER 

AGEiro 

DRHNG 

PROCEDURE 

stretchform 

same  with 

11,0 

Simonlz 

24  hrs,  in 

unfired 

A  lightweight  vermi  - 

block 

addition  of 

wax  and 

mold ,  48 

c elite  cement  core. 

(cap  type) 

wood  and 

peanut 

hrs.  at 

5P.1,  was  placed  in 

sheet  metal 

oil 

room  temp. 

the  cavity  formed  by 

core  to  make 

under  wet 

the  sheet  metal  core- 

cap  approxi- 

burlap.  4 

A  K"25  plaster  base 

mately  3" 

days  ad” 

was  applied  to  pro- 

thick. 

ditlonal  at 

vide  a  flat  mounting 

room  temp, 
for  core. 

5  days  at 
150  P. 

area. 

25A.1 

sti'etchform 

cast  In  No.  1 

3.0 

water 

5  days  in 

fired  at 

Repairs  to  the  end 

block  (cap 

pottery 

spray 

mold  and 

2000  F 

walls  were  necessary 

type ) 

plaster  iiK>ld 

2  days  at 

when  casting  was 

with  Internal 

room  temp. 

stripped  from  mold. 

vibration . 

after  foam 

Silica  foam  core  was 

sheet  metal 

core  placed. 

Installed  as  "egg 

core  used  as 

1  wk,  at 

crate”  for  backing  to 

with  12E.1 

150  F. 

cap.  three  inches 
thickness  thought  to 
be  thin  enough  to 
fire  easily. 
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TABLE  32  HXDBOFORM  BIOCK  BVAUJATION  -  LABORATORY  SIZE 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

COSSTRUCnOH 

ALLOY  AND 
PCRKim 
TEMPESRATURi 

REMARKS 

1 

12E,1 

Tool  §1 

Cast  in  K-25 
blaster  mold 
dried,  140  F 

AISI  420 
1950  P 

Hydraulic  pressure  of  60O  psi  not  enough  to  form 
shrink  flange.  One  thickness  of  ceramic  fiber  cloth 
is  not  enough  insulation  to  protect  rubber  punch. 

Block  broken. 

2 

12E.1 

Tool  #2 

Cast  in  K-25 
plaster  mold 
dried,  l40  F 

AISI  420 
1850  F 

Hydraulic  pressure  of  1200  psi  formed  shrink  flange 
down  but  left  seven  small  wrinkles.  Ceramic  fiber 
blanket  protected  rubber  except  where  torn  at  edges 
of  block.  Flexible  electrodes  will  have  to  be  used 
to  prevent  stretching  blank  from  rupturing  block. 

Block  broken. 

3 

12E.1 

Tool  #3 

Cast  in  K-25 
plastic  mold 
dried,  140  F 

AISI  420 
1850  F 

Hydraulic  pressure  of  1200  psi  left  several  small 
wrinkles  in  shrink  flange.  Ceramic  fiber  bulk, 
long  staple  typo,  did  not  protect  the  rubber  as 
well  as  the  blanket.  Heated  portion  of  cushion 
lost  resiliency  and  compressed  thin  enough  to  trans¬ 
fer  too  much  heat  to  the  rubber.  The  block  broke  on 
ends.  See  Figure  149, 

1+ 

5A.1 

Tool  #1 

Cast  in  K-25 
plaster  mold 
dried,  l40  F 

AISI  420 
1850  F 

Hydraulic  pressure  of  160O  psi  did  not  entirely 
smooth  out  wrinkles  in  shrink  flange.  Ceramic 
fiber  blanket  used.  It  became  torn,  burned,  and 
brittle.  Block  broken. 
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PART 

NUMBER 


5 


/- 

D 


7 


r* 

o 


BLOCK 

TOOL 

MATERIAL 

CONSTRUCTION 

ALLOY  AMD 
F 


12E.i 
Tool  #4 


Cast  in 
plastic  mold 
dried,  140  F 


A13I  420 
1850  F 


12F.1  Cast  in  K  '25  AI3T  420 

Toi.i  #1  plaster  mold  I83O  F 

Fired  to  1000  F 

la.l^^  Cast  in  ATST  420 

Tool  f  5  plastic  rxild  I85O  F 

dried,  l40  F 


Cast  in 

pottery  plaster 
mold ,  Fired  to 
2000  F. 


2jA.1 
Tool  #1 


AISI  420 
1650  F 


E  32  (COOT'D) 


REMARKS 


Hydraulic  pressure  of  2000  psi  forms  flanges  com¬ 
plete  and  straightens  all  wrinkles.  Doubled  ceramic 
fiber  cloth  protects  rubber  better  than  blanket.  Two 


layers  slide  on  each  other  and  prevent  tearing.  High 
pressure  bends  metal  over  ends  of  block.  When  metal 
cools  it  slirinks  thus  placing  t<msile  force  on  block 
breaking  upper  end  edges.  See  Figure  l49. 

2000  psi  used.  Ho  wrinkles  in  shrink  flange.  Double 
ceramic  fiber  cloth  used  to  protect  rubber.  Block 
broite  on  top  at  one  end. 

2000  psi  used  and  doubled  ceramic  fiber  cloth  used 
to  protect  rubber.  Ends  of  mold  were  filled  in  with 
plastic  cL»y  to  form  sloping  ends  on  block.  Part 
formed  without  wrinkles  -  block  unbroken.  See  Figure 
130  for  similar  tool. 

2000  psi  used.  Fine  short  staple  bulk  ceramic  fiber 
insulation  used.  Cushion  shaped  roughly  by  hand, 
layed  on  blank,  and  left  for  heat  and  form  cycle. 

Best  insulation  used  thus  far.  Block  broken. 
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TABIi:  32  (CONT'D) 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

COIBTRUCTION 

ALLOY  AND 
FCHMIHG 
TEMPERATURI 

REMARKS 

9 

ioSa.i 

Tool  #1 

Cast  in 
plastic  rnold 

AISI  L20 
1850  F 

An  attejnpt  to  use  limit  switch  on  press  malfunctioned. 

Too  much  delay  until  full  2000  psi  was  applied.  Slirlnk 
fle.nge  minkled.  Bulk  ceramic  filer  insulation  used. 

Block  unbroken. 

10 

iOSA.i 
Tool  #I 

Cast  ia 
plastic  BXJld 

AI3I  420 
1850  F 

2000  psi  used.  Good  part  without  shrink  flange  wrinkles. 
Marks  in  part  show  where  patches  of  material  did  not 
release  from  mold  when  stripped.  Bulk  ceramic  fiber 
used.  Block  broken. 

11 

25A.1 

Tool  #2 

Cast  in 
plastic  mold 
fired  to  2000  F 

AISI  420 
I85O  F 

2000  psi  used  with  bulk  ceramic  fiber  Insulation. 

Block  broken  when  stripped  from  mold,  but  patched  with 
slip,  fired,  and  tried.  Good  part  made  without  wrinkles. 
Block  broken. 

12 

25A.1 

Tool  #3 

Cast  in  K-25 
plaster  mold 
fired  to  2000  F 

AISI  420 
1850  F 

2000  psi  used  with  bulk  ceramic  fiber  insuliition. 

Wedges  shaped  from  silica  foam  were  placed  at  the  ends  of 
the  block  to  determine  if  block  breakage  could  be 
stopped.  Did  not  help  as  much  as  casting  sloping  end 
on  blocks.  Wedges  crushed  and  block  broke. 
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TABLE  33  tiTRKTGHFORM 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

CONSTRUCTION 

1 

5A.1 

Cast  In  K.-25 
plaster  mold  with 
internal  vibra.. 
tion.  Unfired, 
I'fO  F  dried 

AI31  420 
1800  F 

2 

5A.1 

Same  tool 

AISI  420 

3 

12E.1 

Cast  in  K-25 
plaster  mold 

1^1  th  Internal 
vibration.  Un¬ 
fired.  140  F 
dried . 

AISI  420 
1800  F 

4 

12P.1 

Cast  in  K-25 
piaster  iaold 
with  internal 
vibration .  Fired 
at  lOOC  F 

AISI  420 
1800  F 

5 

25A.1 

Cast  in  Ho,  1 
pottery  plaster 
mold  with  in¬ 
ternal  vibration. 
Fired  at  2000  P 

AISI  420 
’.800  F 

6 

25A.1 

Saline  tool 

AISI  420 
1800  F 

EVALUATION.,  L^aORATCEY  SIZE 


REMARKS 


Part  did  not  forin  all  the  way.  The  two  rails  were  not 
properly  spaced.  Block  was  unaffected. 


Two  rails  were  repositioned.  The  part  ruptured  under  one 
rail  on  second  forming  cycle.  Block  still  not  harmed. 

3ee  Figures  l4l  and  15I. 

Part  formed  complete.  Two  reheating  cycles  were  used. 
Part  thinned  out  under  rail.  Block  unaffected. 


Part  iOi'iiied  complete.  Pour  complete  cycles  were  used  to 
form  part.  Blank  became  extremely  hot  at  draw  rails 
during  reheating.  Fine  spall  cracks  on  tool  surface  did 
not  mark  part  and  were  not  any  worse  after  use. 


Part  formed  all  the  way.  Six  cycles  were  used  with  the 
power  turned  off  at  start  of  stretch.  Blank  under  rail 
did  not  overheat  so  much  with  power  off,  but  more  cycles 
were  needed  to  form  part.  See  Figures  142  and  l43. 

Six  cycles  again  needed  to  complete  part.  Power  off 
stretch  cycle  used.  Rails  showed  some  crumbling.  Block 
v/as  completely  unharmed. 


TABLE  33  (COHT'B) 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

COHSTRUCTIOH 

RiMARES 

t 

IOBa.I 

Cast  in  Epoxy 
plastic  raold 
with  internal 
vibration . 

Fired  at  1000  F. 

AISI  420 
1800  F 

Part  formed  in  five  cycles.  The  rails  failed  by  crumbling 
and  several  pieces  fell  off  each  rail  when  press  ram  was 
raised.  Rough  areas  on  block  did  not  seem  to  affect  part. 
Block  did  not  appear  to  be  any  worse  after  use. 
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ME  TOOL  EVALilATION 


REMARKS 


The  punch  and  top  ring  for  this  tool  were  cast  in  K'25 
mold  with  internal  vibration^  the  bottosn  ring  was  cast  in 
the  plastic  mold  with  external  vibration^  Part  was  held 
with  30  psl  on  top  ring.  Punch  pushed  hole  In  blank  after 
drawing  one  half  Inch  deep. 

Too  ring  pressure  was  reduced  to  -iO  psi  by  pulling  a 
vacuun  in  the  double  action  ram,  ITie  blank  wrinkled  ail 
the  way  ai’ound  and  the  punch  failed  by  crumbling  on  the 
two  extended  corneis  and  by  fractures  up  two  faces.  Fig, 
i‘^2  shows  typical  failures. 

Punch  and  top  ring  made  in  K-25  mold,  bottom  ring  r.iade  in 
plastic  mold.  Zero  pressure  used  on  top  ring.  Part  formed 
approximately  3/^  inch  deep.  Slight  wrinkling  around 
cavity.  Bottom  of  part  broke  along  deepest  edge  ( see 
Figure  154)*  Temperature  of  1400  F  was  isaintained  for 
sometiiae  in  blank  while  making  press  adjustments,  and  when 
top  ring  was  raised  a  large  section  of  the  bottom  ring 
exploded.  This  explosion  was  caused  by  the  formation  of 
steam  from  entrapped  moisture  which  was  not  removed  by 
drying.  See  Figures  147  and  153- 


TABLE  3^  (COIW'D) 


PART 

NUMBER 

BLOCK 
MATES  lAL 

TOOL 

COHSTRUCTION 

ALLOY  AM) 
FORMUW 
TEMPERATURi 

REMARKS 

4 

12F.1 

Cast  in  K-25 
plaster  aiold 
with  vibration 

AISI  420 
1400  F 

All  of  tool  cori$onents  were  cast  in  plaster  molds. 

Pressure  of  5  psi  was  used  to  hold  blank.  By  gaging 
ram  movement  it  was  possible  to  form  a  part  by 
successive  plunges,  each  l/8  to  l/4  inch  deeper  with 
reheating  of  the  blank  material  between  strokes. 

Wrinkles  around  cavity  almost  eliminated.  Part  formed 
to  about  1  inch  deep  before  tearing  occurred. 

5 

12P.1 

Same  tool 

AISI  420 
l400  F 

Same  procedure  used  with  part  again  forming  to  1  inch 
deep.  Some  crumbling  of  punch  radius  occurred  on 
deepest  edge. 

6 

12F.1 

Same  tool 

AISI  420 
1400  F 

Same  procedure  used,  but  punch  failed  by  shearing  off 
longest  face  all  the  way  to  vacuum  chuck. 

7 

25Aa 

Cast  in  No.  1 
pottery  and 

K-25  plaster  and 
plastic  molds 

AISI  420 
1400  P 

Punch  cast  in  K-25  mold,  top  ring  cast  in  plastic  mold, 
and  bottom  ring  cast  in  pottery  plaster  mold,  all  with 
internal  vibration.  Part  formed  about  1  inch  deep  by 
using  stages  then  part  tore  and  punch  failed  by  shear, 
like  the  others. 
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TABLE  35  STRETCHFORM  BLOCK  EVAUJATION,  PRODUCTION  r>IZE 


PART 

NUMBOER 

BI£)CK 

MATERIAL 

TOOL 

COHSISUCTION 

REMARKS 

1 

12E.1 
( soiia 
type) 

Cast  in  K-25 
plaster  mold. 
Dried  25O  F 

AISI  420 
1400  F 

Back  surface  at  bottom  was  rounded*,  causing  two  top  bolts 
to  be  pulled  out  of  block.  Part  formed  with  few  wrinkles. 
Load  of  12  tons  used.  See  Figure  16I  for  setup,  and 

Figwe  168  for  the  failed  tool. 

2 

12E.1 

(cap  type) 

Cast  in  K-25 
plaster  raold^ 
Veimiculite,  5P»1) 
core.  K-25  base 
applied .  Dried 
150  F, 

AISI  420 
1400  P 

Block  broken  by  misalignment  of  blank.  12  ton  load  used. 

See  Figures  159  and  169. 

3 

25A.1 
(cap  type) 
25Ii.l 
foam 
backing 

Cast  in  No.  1 
pottery  plaster 
mold  with  sheet 
metal  core ,  Foam 
block  backing 
cemented  inside 
cavity.  Fired, 
2000  P. 

AISI  420 
1400  P 

Acceptable  part  made,  block  unbroken.  10  ton  load  used. 

♦Presumably,  the  plywood  face  sheet  mentioned  under  Tool 
Fabrication,  Page  288,  and  shown  in  Figure  155 i  deflected 
when  the  casting  was  poured. 
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PART 

NUMBER 


BLOCK 

MATERIAL 


"ABIE  36  -  HYDROFORM  BLOCK  EVALUATION,  PRODUCTION  SIZE 


ALLOY  AND 
FCRMUre 


12S.1 

solid 

type 


12E.1 
cap  type 


25A.1 

solid 

type 


Cast  in  K-25 
plaster  liOld, 


Cast  in  K-25 
plaster  laold. 
Welded  steel 
core  used. 


Cast  in  No.  1 
pottery  plaster 

.a. 


AISI  420  Block  was  set  on  ^/l6  inch  rubber  pad.  Kaowool  insulation 

1400  F  was  used  to  protect  rubber.  2500  psi  pressure  was  used. 

Good  part  formed  but  corner  of  block  was  broken  (see 
Figure  17l)« 

AISI  420  Block  was  placed  on  3/8  inch  plywood  and  forming  pressure 

l400  F  was  reduced  to  I25O  psi.  Kaowool  was  again  used  to 

protect  rubber.  Block  cracked  in  several  places  due  to 
uneven  load  distribution.  A  part  was  formed  but  forming 
probably  could  not  be  repeated  (see  Fly^re  172). 

AISI  420  1250  psi  pressure  was  used  with  Kaowool  insulation  to 

l400  P  form  a  good  part.  The  block  was  set  on  a  5/-I6  inch 

rubber  pad.  One  small  crack  resulted.  K''25  plaster  base 
helped  distribute  load  and  reduced  cracking.  A  good 
part  was  foriaed  (see  Figure  173)- 
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with  sq,uare  corner  ribs. 


Fig.  126  Braze  fixture  laold  showing  wax,  wood,  plaster 
and  plastic  groove  forms  and  aluminum  cores 
for  forming  mounting  bolt  holes. 


RF  440$ 


Result  of  improper  placement  technlciue 


split  mold  for 


tool 
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RF  4682-“ 


RF  4861-2 


Laboratory  bydroform  equipmeat.  Doubled 
ceramic  cloth  iasulatlon. 


Fig.  135  Laboratory  hydroform  equipment  set  up  to 
heat  and  form  a  part.  Blanket  insulation. 


rig.  1^0  K-25  plaster  mold  for  latxjratory  size 

stretchform  block. 


’orm 
ftision 
for  f( 


st 

ret 

ip 

ped 

it 

ion 

Laboratory  size  stretchform  block  with 
ceranic  rail  equipped  tension  frame 
pulling  metal  blank  down  over  the  stretch' 
form  block. 


Typical  double  action  draw  die 


Laboratory  hydroform  etjulpment.  Heated  and 
formed  part. 


Laboratory  size  hydroform  block.  Typical 
of  breaks  occurring  on  most  hydroform 
blocks  after  use. 
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FIr.  1?1  Metal  blankj  AISI  420,  formed  on  laboratory- 
size  stretchform  block  shoving  break  along 
contact  line  vtth  ceramic  rail. 


lb  oratory  size  12] 
)losion  is  attrib' 


r'*» 

P’4 

1* 

.rft 

■m  block 


fige  337 


1 


I 


RF  P517-I 


RF  5^*56-! 


Pig.  170  '■gpA.l,  25D.1  and  25E.1  coE5)Osite  type  heat 
treat  fixture  after  use. 


Fig.  171 


12E.1  solid  type  production  size  hydroform 
block.  Corner  broken  during  use.  Forming 
pressure  of  2500  psi  used. 


1 

'  ^  .'1 

-^■>  1 

t^'  “i 

■'  - 

V  •■ 
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PHASE  V 

STAJSARDIZATION  OF  TOOL  DESIGN 
September  thru  November  i960 


I 


IHTEODUCTIOH 


Tool  trials  during  this  phase  of  the  non-raetallic  tooling  investigation  were 
intended  to  yield  answers  to  questions  of  durability,  produclbility,  economics, 
and  design  and  imnufacturing  considerations .  Reruns  were  made  of  the  hydroform 
block,  laboratory  and  production  sizes,  the  stretchform  block,  and  the  stress 
relief  fixture.  A  new  configuration  was  used  for  another  attempt  at  draw  die 
development . 

Resistance  heating  was  used  to  heat  the  part  material  in  all  trials.  Most 
of  the  evaluation  work  was  done  with  .03I  Inch  thick  AISI  k20,  heated  to  a 
ten^ierature  of  approximately  1350  F.  A  separate  Investigation  at  Lockheed, 

Georgia  Division,  shows  that  superior  elongation  and  better  final  part  properties 
were  obtained  with  AISI  4?0  when  forming  temperature  was  held  to  Just  under  the 
lower  critical  temperature ( 32 ).  Forming  temperatures  used  with  the  additional 
seven  materials  included  those  recommended  by  their  manufacturers  (see  Table  2, 

Page  29). 

Production  machines  were  used  to  run  the  production  size  hydroform  and  stretch- 
form  blocks ,  All  other  trials  were  performed  on  the  experimental  press  or  other  > 
wise  in  the  laboratory  (see  Exhibit  6,  Page  275).  Epoxy  plastic  bases  were 
applied  to  all  tool  components  for  the  dual  purpose  of  facilitating  the  use  of 
vacuiim  chucks  for  machine  mounting,  and  of  evenly  distributing  the  loads  applied 
to  the  ceramic  tools  during  use. 


PART  I  ■■  HYSROFORM  BLOCK,  LABORATCffiY  SIZE 


lOTROmiCTION 


Reruns  of  this  type  tool  were  made  so  that  several  tool  improvements,  the  need 
for  which  have  been  shown,  could  be  evaluated.  Also,  tools  were  made  of  some  few 
materials  which  a  re-analysis  of  the  data  of  Table  15  showed  had  not  previously 
had  a  fair  trial.  Another  purpose  for  making  these  blocks  tos  to  serve  for  one 
forming  method  to  evaluate  the  forimbility  of  the  seven  additional  sheet  materials 
chosen  as  a  result  of  the  Phase  I  study  of  probable  future  materials  of  con¬ 
struction  (see  Table  3>  Page  32).  The  constituents  of  each  different  tool  were 
carefully  weighed,  mixed,  placed,  and  vibrated  consistent  with  the  best  results 
of  previous  efforts. 
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PROCEDURE 


Mold  Construction 

A  new  nodel  was  machined  with  the  same  two-inch  width  and  nlne-dnch  inside 
radius  as  previously  used  hut  with  the  ends  cut  at  an  angle  of  60°  instead  of  90' 
The  sloping  ends  were  used  because  it  was  shown  in  Part  II  of  Phase  TV  that  they 
prevented  the  cooling  metal  part  from  gripping  and  fracturing  the  ends  of  the 
block  with  the  shear  forces  exerted.  Alsoj  sloping  the  ends  of  the  blocks  Pende< 
to  decrease  the  siae  of  the  fold  which  occurs  in  both  stretch  and  shrink  flanges. 
The  object  of  such  decrease  was  to  prevent  damage  to  the  rubber  by  the  cutting 
action  of  the  folds.  This  new  model  was  used  to  make  a  fiberglass  reinforced, 
epoxy  plastic  mold.  Model  and  mold  are  shown  in  Figurs  17h, 

Block  Fabrication 


Hydroform  block  tools  were  made  of  8b.1,  8D.1,  12E.1,  20A.1,  713.1,  and  106a. 
castable  materials.  All  were  cast  in  the  aforenentioned  plastic  mold  using  the 
same  apparatus,  adapted  to  this  mold,  as  was  used  to  supply  10,CXX>  vpm  external 
vibration  to  the  brick  molds.  Cores  for  forming  part  locating  pin  holes  were  not 
Included  in  this  phase,  because  it  had  been  shown  that  breakage  would  sometimes 
occur  during  use  at  these  weakened  locations.  Furthermore,  it  was  intended  that 
external  locators  would  be  employed  to  position  the  blank  on  the  block. 

The  mold  cavity  was  coated  with  two  layers  of  Simonlz  wax,  thoroughly  rubbed, 
and  then  painted  with  a  coating  of  peanut  oil  before  casting  SB.I,  8d.1,  12E,1, 
20A.1,  and  713.1.  To  cast  the  IOSa.I  material,  a  sprayed  coat  of  laabber  base 
paint,  a  procedure  recommended  by  the  castable  manufacturer,  was  substituted  for 
the  peanut  oil.  No  difficulties  were  encountered  stripping  any  of  the  tools  from 
this  mold,  even  though  there  was  no  draft  angle  on  the  sides.  The  very  slight 
shrinkage,  which  occurs  when  most  castables  set,  aids  the  stripping  operation. 

All  tools  were  cured  at  room  temperature  (under  wet  burlap  when  so  stipulated 
by  the  supplier  j,  dried  at  120  F,  and  further  dried  at  220  F,  The  8b.1  and  12E.1 
tools  were  used  without  further  treatment  except  one  8b.1  tool  was  fired  at  2500  F 
the  108a.1  tool  was  fired  at  600  F;  the  713,1  tools  were  fired  at  1000  F;  the  20A. 
tool  was  fired  at  I5OO  F,  and  the  8D„1  tool  was  fired  at  2500  F,  All  were  brought 
to  heat  at  less  than  £00  F  per  hour  and  held  at  temperature  for  two  hours  which 
was  considered  sufficient  for  the  2x2  inch  cross  section  involved.  Table  3?, 
Page  36^ . shows  drying  and  firing  cycles  for  these  tools. 


Press  Preparation 

The  fifty<=>ton  experimental  press  in  the  laboratory  was  again  fitted  with  the 
trapped  rubber  head  used  in  Part  II  of  Phase  IV.  The  10  x  15  inch  opening  in  the 
rubber  punch  could  be  made  to  exert  a  maxiupom  pressure  of.  65O  psi  for  the  forming 
force.  Flexible  connectors  were  used  to  conduct  the  low  voltage,  high  amperage, 
current  from  the  machine  electrodes  on  the  tension  frame  to  the  "clamp  on" 
electrodes  on  the  ends  of  the  part  blank.  These  latter  electrodes  were  slotted 
to  receive  pins  placed  in  position  to  keep  the  blank  located  on  the  form  block 
'see  Figure  l82.  Page  391.' » 
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Base  Application 

The  hases  of  all  these  tools  had  heen  scraped  off  level  vita  the  top  surface 
of  the  mold  and  were  essentially  flat;  hut  to  ensure  complete  flatness  and  eq.ual 
distribution  of  load  during  use,  plastic  bases  were  applied. 

The  tools  were  placed  on  a  waxed  and  greased  surface  plate  singly  or  in 
groups,  each  setup  was  then  surrounded  by  a  low  dam  made  with  modeling  cla.y, 
and  freshly  mixed  epoxy  plastic  was  poured  inside  to  a  depth  which  filled  the 
spaces  under  the  tools  (see  Figures  175>  176  and  177,  Pages  307  and  300)*  The 
plastic  hases  were  trimmed  just  slightly  oversire.  They  were  then  ready  for  use 
(see  Figure  170,  Page  309)* 

Block  Trials 

A  number  of  preliminary  parts  were  run  using  .031  inch  thickness  AISI  420 
blanks  in  an  attempt  to  standardize  a  setup  which  would  be  used  throughout  the 
subseq^uent  trials  to  develop  formblllty  data  on  the  seven  additional  high 
strength  sheet  saterials  (see  Page  27).  Figure  179  shows  a  12E.1  hydroform  block 
and  six  parts  made  with  it.  The  maxlmus  forming  pressure  of  65O  psl  was  selected 
with  the  forming  teng>erature  at  1350  F.  Figure  18O  shows  eight  additional  parts 
of  AISI  420  which  were  run  to  develop  positioning,  clamping,  and  heat  shielding 
techniques.  The  die  was  held  in  position  by  smell  lugs  on  the  platen  and  the 
ceramic  fiber  heat  shielding  material  was  trimiaed  to  the  shape  of  the  blank  to 
prevent  it  from  being  forced  around  and  under  the  blank  during  the  first  portion 
of  the  forming  stroke.  Table  38,  Page  369,  gives  the  conditions  under  which  each 
part  was  run  and  Figures  iBl  thru  I85,  Pages  390  thru  392,  are  a  sequence  group 
of  a  typical  hydroform  block  trial.  Figures  IB6  and  251  show  failed  hydroform 
blocks . 


DiscxjssioK  OF  REsunrs 


Difficulty  was  experienced  In  removing  the  formed  part  from  the  block.  Ther^ 
mal  shrinkage  of  the  metal  caused  the  forzied  flanges  to  grip  the  sides  of  the  block 
so  tightly  that  fractures  occurred  along  the  sides,  even  causing  some  areas  to 
break  off  as  can  be  seen  in  Figure  I86.  An  atteaipt  was  made  to  reheat  the  peu-t 
after  forming  to  see  if  thermal  expansion  would  facilitate  part  removal.  It  was 
thought  that  this  would  cause  sufficient  differential  expansion  because  of  the 
negligible  thermal  expansion  of  any  ceramic  tool  material.  It  was  found,  how¬ 
ever,  that  it  would  take  an  impractical  length  of  time  to  reheat  that  portion  of 
the  part  In  contact  with  the  tool  without  exceeding  the  teu^jerature  limit  of  the 
metal  off  the  tool,  Bowever,  placing  a  piece  of  ceramic  cloth  between  the  block 
and  the  part  before  forming  provided  spacing  and  a  type  of  lubrication  which 
rendered  the  part  easily  removeahle.  The  cloth  comes  apart  under  the  effects  of 
heat  and  pressure  hut  not  before  acting  as  a  spacer  to  make  the  naterlal  form 
oversize.  On  three  trials  on  a  block  which  measxrred  1.996  Inches  wide,  the  parts 
a»asvired  2,026  inches  in  all  cases.  This  showed  that  if  such  measures  are  found 
to  be  necessary,  coiqsensation  can  be  made  to  make  the  final  product  have  correct 
dimensions. 
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All  parts  run  at  1350  F  showed  some  wrinkling  of  the  shrink  flange.  Since 
a  forming  temperature  of  1050  F  formed  good  parts  in  the  preceedlng  phase,  and 
the  need  for  elongation  offered  hy  the  1350  F  forming  temperature  was 

tjuestionable,  another  blank  was  formed  at  the  higher  temperature.  Both  flanges 
formed  down  with  few  wrinkles  and  no  difficulty  was  encountered  in  removing  the 
part  from  the  block  even  though  the  ceramic  cloth  was  not  used.  This  was 
probably  due  to  the  growth  of  120  material  when  the  martensitic  transformation 
occurred.  The  part  is  shown  next  to  the  block  in  Figure  iBO,  Page  390. 

Table  39  gives  the  forming  data  and  results  for  each  part  formed  including 
the  castable  ceramic  tool  which  was  used,  Figore  106,  Page  393,  shows  blocks 
with  typical  types  of  failure.  Some  of  the  blocks  shown  do  not  appear  damaged 
but  are  cracked,  being  held  together  by  the  plastic  base. 


COHCLUSIONS 


In  no  case  could  it  be  said  that  heat  was  the  cause  of  tool  failure.  Almost 
all  failures  coxild  be  directly  attributed  to  the  forces  placed  upon  the  tool  by 
the  forming  pressure  or  the  thermal  changes  In  the  metal  part  itself.  The 
latter  were  especially  noticed  when  the  1350  F  recommended  forming  temperature 
was  used.  The  formed  flanges  gripped  the  sides  of  the  hydroform  block  through 
thermal  contraction  and  were  not  relieved  by  crystallographic  changes  since  the 
temperature  was  never  high  enough  to  cause  them  to  occ\ir. 


RECOMMENDATIONS 


Use  plastic  bases,  preferably  of  a  less  resilient  type  similar  to  that  shown 
in  Figure  176  which  is  an  Epocast*  resin,  as  they  are  easily  applied,  need  no 
special  treatment,  and  perform  the  desired  function  of  distributing  the  load 
force  evenly  over  the  entire  block. 

For  hot  hydroforming  operations,  use  heat  resistant  rubber  for  tbe  trapped 
rubber  head  on  the  presf,  continuing  of  course  the  practice  of  using  the  ceramic 
bat  or  equivalent  o-^er  the  blank  during  heating  and  forming.  It  Is  recommended 
that  the  forming  stroke  be  completed  as  quickly  as  possible  so  that  less  heat  be 
reiK3'«‘ed  from  the  part  material  before  it  is  formed.  Use  the  highest  forming 
ten5)eratuje  that  does  not  adversely  affect  the  part  material. 


♦Product  of  Furane  Plastics,  Inc.,  Ji-5l6  Brazil  Street,  Los  Angeles,  California 
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PART  II  -  HYDROfOBM  BLOCK,  PRODUCTION  SIZE 

IIOTRODIKTTION 


Due  to  the  fact  that  so  nany  of  the  hydroform  tools  run  in  the  production 
hydropress  were  cracked  or  broken  dtirlng  Phase  IV,  it  was  decided  to  use  that 
forming  method  for  further  evaluation »  An  objective  review  of  previous  tests 
suggested  some  changes  in  the  test  procedure  which  woxald  probably  promote  more 
successful  results.  Assuring  flat  surfaces  for  machine  mounting,  increasing  the 
strength  of  the  block  Itself,  and  raising  the  forming  temperature  were  conditions 
Incorporated  In  the  procedure  for  this  part  of  this  phase. 


PROCEDURE 


Mold  Construction 


The  K-25  gypsum  plaster  mold  used  in  Part  III  of  Phase  IV,  Page  207,  was 
refinlshed  by  making  a  few  minor  repairs  to  areas  “out  of  part"  and  applying 
several  additloimil  coats  of  lacq.uer.  Also,  the  mold  was  made  deeper  by  the  addition 
of  approximately  two  Inches.  This  modification  was  accomplished  by  roughing  and 
thoroughly  wetting  the  rim  surface  before  pouring  freshly  mixed  plaster  into  the 
form  built  up  on  the  existing  rim.  Two  opposite  sides  were  poured  at  a  time. 

Bonding  was  good  and  no  cracking  occiarred  after  repeated  use.  Figure  I87  shows 
a  high  alumina-calcium  alumlnate  bonded  castable  as  removed  from  the  reworked 
mold. 

Block  Fabrication 

All  hj'dxoform  blocks  made  for  this  phase  were  made  from  fresh  material 
ordered  for  this  purpose.  The  weight  of  each  tool  was  calculated!  and  then  the 
proper  portions  of  dry  aggregate  and  water  or  other  binder  were  mixed  in  the 
mix-nraller.  Figure  67,  Page  102.  Mixing  times  were  used  which  gave  good  previous 
results  for  the  material  being  cast.  Vibration  at  10,000  vpm  was  supplied  by 
the  internal  vibrator  (Figure  15,  Page  15l)»  Blocks  were  made  of  5A.1  °  dried 
only,  lai.l  -  dried  only,  2CM.,1  -  dried  only,  2QA.1  -  dried  and  fired  at  I5OO  F, 
and  2(B.l  -  dried  only.  (Refer  to  Table  37,  Page  364.) 

Base  Application 

Plastic  bases  were  applied  to  aU  tools  prior  to  using.  Figure  100  shows 
how  the  blocks  were  suspended  by  three  straps  hooked  under  them  from  a  hydraulic 
lift  table.  In  this  way  the  block  could  be  lowered  into  a  puddle  of  freshly 
mixed  plastic  poured  inside  a  wooden  dam  on  a  waxed  and  greased  surface  plate. 

The  block  was  held  suspended  in  the  plastic  until  setting  occurred,  A  plastic 
base  approximately  3/8  inch  thick  ras  thus  applied  to  each  hydroform  block. 

Figures  I89,  190,  and  191  show  ceramic  hj-droform  blocks  with  plastic  bases 
after  being  slid  loose  from  the  surface  plate  and  trimmed  Just  slightly  oversize 
to  form  a  protective  bun^jer.  Both  a  handsaw  and  an  air  powered  sabre  saw  were 
used  for  the  trimming  operation. 
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The  lai-ge  production  hydroform  press  v&b  again  used  for  tool  trials.  A 
newly'  installed  sliding  table  was  used  and  to  further  ensure  that  as  little 
bending  mosaent  as  possible  would  be  transmitted  to  the  blocks  by  any  out  of  flat™ 
ness  of  the  press  bed,  a  two  inch  thick  slab  of  aluminum  tooling  plate  was  used 
to  support  the  blocks  during  use.  The  6^  KVA,  saturable  reactor  controlled, 
power  transformer  was  used  to  maintain  the  forming  tensperature  of  1350  F  until 
Just  prior  to  the  closing  of  the  press =  A  Minneapolls-Honeyvell  strip  chart 
recorder  was  used  to  monitor  the  ten^ierature  and  a  ceramic  fiber  mat  was  again 
used  to  protect  the  rubber  from  the  hot  metal. 

The  AISI  420  stainless  steel  blanks  which  were  used  on  each  of  the  five  tools 
tried  were  .031  x  24  x  54  inches  and  were  beaded  on  each  end  so  they  could  be  held 
in  the  electrodes  which  were  designed  for  the  stretch  press.  See  Figores  192 
and  193.  These  electrodes  were  used  in  the  trials  because  of  Increased  ease  with 
which  new  blanks  could  be  clanped. 

Block  Trial 


The  first  block  tried  was  the  5A.1  material.  A  ram  presswe  of  1250  psi  was 
used  which  did  not  form  the  metal  into  the  grooves  of  the  tool.  The  next  tool 
tried  was  the  12E,1  material  using  a  ram  pressure  of  1700  psi.  The  groove  shapes 
were  almost  consjletely  formed.  The  next  three  blocks,  208.1,  2QA,1  (dried),  and 
2QA.1  (fired),  aU  nade  essentially  fully  formed  parts  and  were  formed  at  a  ram 
pressure  of  2000  psi.  This  amount  of  hy^aulic  pressure  exerted  on  the  press  ram 
developed  approxin&tely  1330  psi  in  the  trapped  rubber. 

Following  the  single  part  evaluation  of  each  hydroform  block,  ten  parts  were 
run  on  the  12E„1  block  in  a  durability  test.  The  same  tenperature  and  pressure 
were  used  as  finally  selected  in  the  single-part  evaluation.  Figures  194  thru 
199  show  various  stages  of  a  typical  hot  hydroform  tool  run. 


DISCTTSSTOH  OF  RESULTS 


Ho  adverse  effects  of  the  hot  metal  on  the  ceramic  tools  could  be  noted  after 
forming  one  part  each  per  block,  nor  were  any  of  the  blocks  cracked  or  broken. 
Figures  200  thru  204  show  the  blocks  after  use  and  the  parts  which  were  formed  on 
them.  As  can  be  seen,  the  metal  has  been  torn  near  each  end  of  the  form  block. 

This  WES  caused  by  the  action  of  the  rubber  which  held  the  metal  in  two  places 
across  a  gap  and  then  tried  to  force  it  to  stretch  more  than  Its  elongation  allowed 
The  gaps  were  formed  as  a  result  of  the  block  sitting  on  the  platen.  The  blanks 
were  torn  over  the  sharp  edge  of  the  hydroform  block  at  its  low  end  and  at  the 
deepest  part  of  the  gap  at  the  bottom  of  the  block  at  the  hi^  end.  This  tearing 
Is  not  detrimental  and  is  soiretliaes  used  to  advantage  In  production  for  hard  to  for 
parts.  In  ai-ditloa,  sobk!  blanks  were  torn  off  at  the  edges  slnply  because  they  wer 
too  short.  The  box  on  the  press  which  contains  the  rubber  would  descend  far  enough 
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near  the  end  of  the  press  stroke  to  hit  the  electrodes.  This  acrion  vould  stretch 
the  metal  "between  the  electrode  and  the  press  platen  until  It  tore.  This  condition 
was, of  course,  not  desirable;  so  blanks  .03I  x  22  x  72  Inches  were  sheared  for  the 
durability  trial.  The  decreased  width  was  to  prevent  the  sides  of  the  blank  from 
locking  over  the  sides  of  the  block,  a  condition  which  had  been  noted  during  the 
trials  with  the  .031  x  24  x  5^  inch  blanks. 

The  12E.1  block  was  used  for  the  durability  trials  as  it  was  the  material 
chosen  for  use  in  the  as -cast  and  dried  condition.  Nine  additional  parts  were 
made  on  the  tool.  Six  parts  were  completed  before  any  ill  effects  were  noted. 
Inspection  at  that  time  revealed  that  the  outside  radii  of  the  two  edge  grooves 
were  falling.  The  sliding  action  of  the  metal,  being  pulled  over  each  radius 
under  pressure,  exerted  shear  forces  on  the  top  corners  causing  cracks  to  occur. 

Parts  seven  and  eight  were  acceptable  but  nine  and  ten  had  visible  irregu¬ 
larities  in  the  outside  radii  caused  by  the  loss  of  fragments.  Figures  205  and 
206  show  the  12E.1  hydroform  block  after  it  had  been  used  to  form  the  ten  parts. 


CONCLUSIONS 


1.  The  use  of  ceramic  tooling  for  hot  hydroforming  of  high  strength  material  has 
been  shown  feasible. 

2.  Parts  which  closely  conform  to  the  blocks  were  formed  on  blocks  of  all 
materials  (5A,1,  12E.1,  2QA.1,  iuid.2C®.l). 

3.  The  high  forming  temperatures  could  In  some  cases  be  used  for  heat  treatment 
simultaneous  with  forming, 

4.  The  high  forming  temperatures  also  reduce  the  tendency  for  sprlngback  and 
make  possible  the  forming  of  parts  which  could  not  be  made  of  the  selected 
materials  at  room  teaiperature. 

5.  Ceramic  tools  are  much  better  suited  to  withstand  the  temperatures  involved 
without  adverse  effects  than  most  metallic  tooling. 


RECOMMENDATIONS 


1.  For  greater  strength,  ceramic  hydroform  blocks  should  be  made  with  increased 
cross  sections  over  conventional  tools, 

2.  Materials  with  sufficient  strength, as  cast  and  dried,  can  be  used  to  make  tools 
for  most  hot  hydroformlng  uses,  but  proper  base  application  for  distribution 

of  load  forces  is  necessary, 

3.  Every  possibility  of  speeding  up  the  forming  stroke  should  be  used  to  prevent 
the  loss  of  as  much  heat  as  possible  before  forming  is  coisplete. 


Page  3^ 


ii.  Precautions  should  be  observed  concerning  the  possibility  of  fire  during 
hot  forming,  (Hydraulic  machinery  is  prone  to  have  flaiamable  fluid  present 
from  leaks  in  the  high  pressure  connections.  This  should  be  eliminated  or 
circuiavented  and  all  flammable  materials  protected  or  removed  from  high 
temperature  regions . ) 
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PART  III  -  SIRgrCHFCBM  BLOCK,  PRODUCTION  SIZE 


INTRODUCTION 


Ttie  need  for  ficrther  evaluation  of  this  type  of  tool,  simulating  production 
practices  and  using  letter  designed  auxiliary  eq^uipiaent,  led  to  the  selection  of 
a  solid  type  tool  for  further  trials.  Material  12E.1  was  used  to  mke  tiie  tool. 
Trials  using  wrap  forming,  cyclic  forming  (heat,  stretch,  and  relax),  and  con¬ 
ventional  stretchforming  were  jiade.  A  total  of  23  parts  was  run  on  the  tool. 
Various  press-ares  were  used,  but  1300  F  forming  temperature  and  .031  Inch  thick¬ 
ness  AISI  420  blanks  were  -used  for  all  trials. 


PROCEDURE 


Mold  Construction 


The  same  plaster  mold  as  was  used  in  Part  III  of  Phase  IV  was  repaired  and 
reflnished  for  use  in  casting  another  tool  (see  Figure  155#  Page  329)»  Instead 
of  using  external  clamps  to  hold  the  plywood  ends  on  the  mold,  provisions  were 
made  to  use  a  bar  threaded  on  each  end  located  longitudinally  through  the  approxi¬ 
mate  center  of  the  tool.  The  ends  of  the  mold  were  thus  held  to  the  edges  of  the 
plaster  by  this  tie  bar.  A  heavy  coating  of  Simoniz  wax  follcwed  by  silicone  was 
put  on  the  tie  bar  and  the  interior  surface  of  the  ncld  as  a  parting  agent. 

Block  Fabrication,  Production  Size 

The  two  and  one-half  yard  cement  mixer  was  used  to  again  mix  the  18CX)  pounds 
of  castable  with  10  percent  by  weight  of  water.  Internal  vibration  was  accom¬ 
plished  by  the  portable  electric  vibrator.  Figure  I56  shows  the  casting  shortly 
after  pouring. 

The  casting  was  stripped  from  the  mold  after  a  lapsed  time  of  approximately 
48  hours.  An  attempt  was  made  to  slide  the  bar  through  the  middle  toward  the 
smaller  end  so  that  a  nut  and  washer  on  the  large  end  would  be  recessed  into  the 
hollow  provided.  It  could  not  be  moved,  so  It  was  concluded  that  the  abrasive 
nature  of  the  mterlal,  diiring  pouring,  had  rubbed  the  lubricant  from  the  bar  and 
later  allowed  a  reaction  to  occur  between  the  metal  bar  and  the  castable.  Because 
the  bar  could  not  be  slid  endwise,  it  had  to  be  threaded  f\irther  and  then  cut  off 
to  make  a  flush  surface  as  shown  in  Figure  207  •  Upon  being  placed  in  the  I50  F 
oven  for  the  preliminary  drying  cycle  it  was  noted  that  cracks  had  occurred 
radiating  from  the  centrally  located  bar.  An  attempt  was  made  to  patch  them  by 
making  a  thin  mix  of  the  minus  100  mesh  fines  screened  from  an  extra  bag  of  the 
same  batch  of  material  and  pouring  it  into  the  cracks.  This  seemed  to  do  a 
creditable  Job  so  the  curing  cycle  was  completed. 
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The  block  vas  placed  on  a  greased  surface  plate  on  three  spacers  of  previously- 
poured  and  hardened  plastic  scrap.  Freshly  mixed  plastic  was  poured  siround  the 
block  behind  a  dam.  After  the  plastic  had  set,  an  attempt  to  slide  the  tool  side¬ 
ways  to  the  edge  of  the  plate  ruptured  the  block  along  the  previously  noted  cracks. 
Figures  207  and  208  show  the  block  after  this  failure. 

Another  block  was  cast  as  before,  except  this  time  the  tie  bar  was  encased 
In  a  paper  tube  which  was  well  greased,  Ko  difficulty  was  encountered  in  strip¬ 
ping  the  block  from  the  laold  or  removing  the  tie  bar.  The  paper  tube  had  to  be 
cut  out,  but  presented  no  difficulty.  An  eye  bolt,  made  for  the  ptirpose,  was 
then  set  in  the  hole.  Fresh  castable  was  poured  around  it  and  vibrated  in  place 
with  the  Internal  vibrator. 

Base  Application 

After  the  curing  and  drying,  a  plastic  base  was  applied  to  the  tool.  Figures 
209,  210,  211,  212,  and  213  show  the  seq^uence  used  in  applying  the  plastic  base, 
the  last  figure  being  the  finished  tool  with  excess  plastic  trimmed  off  and 
ready  for  use.  The  block  was  positioned,  as  shown,  over  the  surface  plate,  pre- 
pared  this  time  by  the  use  of  a  sheet  of  cellophane  to  act  as  a  parting  agent. 

Three  plastic  spacers  were  placed  under  the  block  as  before  and  freshly  mixed 
plastic  potired  into  the  space  formed  by  the  plywood  dam.  The  block  was  lowered 
onto  the  spacers  with  the  screw  jacks.  The  strap  was  reiMSved  from  the  large  end 
of  the  block  to  get  it  out  of  the  plastic.  No  difficulty  was  experienced  this 
tine  in  sliding  the  block  to  the  edge  of  the  table  to  remove  the  excess  plastic. 

Press  Preparation 

Trials  were  made  using  the  ninety-ton  Hufford  Stretchpress.  To  facilitate  the 
trials,  a  vacuum  chuck  wa,s  designed  to  fit  the  press  mounting  hole  pattern  and 
special  electrode  jaws  were  made  to  grip  the  metal  and  electrically  isolate  it 
from  the  machine  during  forming.  Figure  211|.  is  the  vacuum  chuck  with  rubber  seal 
in  place  and  countersunk  ncuntiag  bolt  holes  and  vacutan  port  drilled  ready  to  go 
into  the  press.  Figures  192  and  193  are  an  overall  and  a  close-up,  respectively, 
of  one  of  the  pairs  of  electrode-jaws  with  a  metal  blank  (but  for  hydropress  part) 
in  place.  The  shank  of  the  "T"  shaped  member  was  gripped  in  the  regular  jaws  of 
the  stretch  press,  and  the  metal  blanks  were  then  gripped  by  tightening  the  two 
halves  of  the  Jaw  together  with  the  nine  bolts  shown.  The  electrical  insulator 
used  is  Teflon  bonded  to  the  steel  "T"  section.  Electrical  connection  was  then 
Bade  by  ”1"  shaped  lugs  fastened  under  two  of  the  bolts  in  each  electrode.  Power 
was  supplied  by  the  65  KVA  transformer  previously  described.  Figure  215  shows 
the  press  with  vacuum  chuck,  vacuum  pump,  stretchform  block,  electrode  Jaws,  and 
connected  power  cables. 

Block  Trials 

Table  40  shows  the  conditions  under  which  trials  were  conducted  and  some 
pertinent  facts  concerning  each  part  formed.  As  can  be  noted,  difficulty  was 
experienced  In  trying  to  eliminate  the  wrinkles  and  nany  different  variations  of 
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conditions  were  used.  Also  tried  were  variations  in  forming  procedures  developed 
by  machine  operators  .for  production  parts  which  were  difficult  to  form,  such  as: 
wrap  forming,  multiple  stage  or  cyclic  forming,  and  use  of  specially  trimmed 
blanks.  Figure  252  shows  degree  of  double  contour  involved  in  forming  this  part. 

All  trials  were  run  on  the  same  block  using  .031  inch  thick  AISI  U20  blanks 
which  were  sheared  to  3^  x  72  Inches,  except  the  last  two  were  3*^  x  90  Inches,  and 
beaded  on  the  ends  which  were  held  in  the  electrode  Jaws.  A  forming  temperature 
of  1300  F  was  used  as  the  heating  unit  did  not  have  q.ulte  enough  capacity  to  heat 
the  large  blank  used  the  additional  50  F. 


DISCUSSION  OF  RESUKTS 


The  first  parts  formed  had  wrinkles  and  most  subsequent  efforts  were  directed 
toward  their  elimination.  It  was  noted  that  the  part  did  not  pull  down  onto  the 
face  area  of  the  block  at  the  top.  A  "wrap  around"  action  was  tried  without 
success,  as  it  was  too  alow  (see  Figures  2l6,  217  and  210).  Tapering  the  blank 
in  the  center  seemed  to  help  prevent  some  wrinkling,  but  an  increase  in  stretching 
force,  however,  wouia  tear  the  blank  between  the  block  and  the  Jaws.  The  use  of 
talc  as  a  lubricant  dusted  on  the  block  allowed  the  blank  to  slide  enough  on  the 
first  contact  area  to  form  down  on  the  top  area.  It  was  also  noted  that  when  the 
power  was  left  on  during  the  forming  action  the  blank  would  cool  in  the  block 
contact  ea*ea  and  considerable  necking  down,  even  tearing,  of  the  area  off  the  block 
where  it  was  hotter  would  occur.  Cutting  the  power  at  the  right  instant.  Just 
at  the  first  contact  of  the  blank  on  the  block,  allowed  the  area  off  the  block  to 
cool  simultaneously  with  the  contact  area.  This  action  would  allow  more  stretching 
force  to  be  applied  to  the  part  area  because  of  the  strengthened  condition  of  the 
cool  metal  transmitting  the  force.  Much  wrinkling  was  thus  prevented. 

Other  variations  used  were  to  completely  form  the  blank  by  a  sudden  single 
pull  or  by  progressive  pulls  with  intermediate  reheating.  Due  to  the  nature  of 
the  stretchform  cachine,  the  speed  at  which  its  hydraulic  pump  could  build  up 
presstire  was  not  quick  enough  to  permit  complete  forming  of  the  part  before  large 
temperature  differences  developed.  The  action  was  speeded  up  some  by  presetting 
the  machine  pressure  at  maximum  for  fastest  movement,  then  stopping  the  action 
Just  before  it  was  judged  the  blank  would  rupture.  Even  this  procedure  would  not 
pull  out  all  of  the  wrinkles. 

The  multiple  stage  or  cyclic  farmltig  did  produce  an  acceptable  part.  This 
technique  was  suggested  by  the  success  achieved  in  the  laboratory  size  eraluatlon 
(see  Plmse  IV,  Page  283).  The  success  of  the  stretchform  operation  depends  greatly 
on  the  operator’s  familiarity  with  the  machine  and  its  actions.  The  blank  was 
clamped  in  the  jaws  and  wrapped  around  the  block  to  such  a  position  that  only 
linear  nxition  of  the  jaws  would  be  needed  to  form  the  part.  A  little  pressure  was 
then  applied  to  the  cold  metal,  just  enough  to  seat  the  beads  In  the  blank  in 
the  electrodes,  after  which  it  was  backed  off  the  block  to  a  distance  of  one  to 
two  inches.  Power  was  applied  and  the  material  brought  to  forming  temperature. 

The  same  procedure  was  then  used  as  with  the  previously  described  single  pull 
method  except  the  machine  was  stopped  sooner,  the  blank  backed  off,  and  the  power 
reapplied  to  repeat  the  cycle.  Three  cycles  were  all  that  were  needed  to  make 
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a  good  part.  See  Figures  219;,  220^  221,  222,  and  223  for  views  of  successive 
stages  in  forming  Part  No.  14.  Table  4o,  Page  37 3>  gives  tlie  results  for  each 
part  run.  Part  No.  14  is  shown  in  Figure  253 • 

Additional  parts  were  run  using  some  tapered  blanks  and  experimenting  with 
block  positioning  by  putting  spacers  under  the  vacivum  chuck  at  the  top.  Spacers 
which  held  the  top  of  the  block  2,  3  and  3  1/2  inches  off  vertical  were  used. 
Tilting  in  this  mannor  was  done  to  make  the  same  distance  from  jaw  to  Jaw  around 
the  block  at  both  top  and  bottom,  thus  e<iualiring  the  stretch  forces  in  the 
blank.  Also,  blanks  were  cooled  away  from  and  in  contact  with  the  block  to 
evaluate  which  procedure  yielded  the  best  parts.  See  Figures  253 *  254,  and  255, 
and  Table  40, 


CONCLUSIONS 


Ceramic  tools  are  readily  adaptable  to  the  stretchform  type  operation.  Stretch 
form  tools  have,  for  the  most  part,  continuous  contours  even  when  compound  contours 
are  involved.  There  are  usually  few  sharp  bends,  req^uirlng  fragile  corners  which 
can  be  easily  damaged,  and  strength  requirements  are  not  great  since  wood  and 
plastic  tools  are  presently  in  conaisDn  use.  Numerous  castable  ceramic  materials 
have  sufficient  strength  unfired  to  meet  the  requirements  when  proper  steps  are 
taken  to  ensur'e  that  beading  forces  wlU  not  be  induced  in  the  tool. 

Stretchform  block  tool  life  is  indicated  as  being  good.  Twenty- three  parts 
were  male  on  one  tool,  and  even  though  it  cracked  it  Is  still  capable  of  being  used 


RECOMMENDATIONS 


All-  stretchform  tools  shoul.d  be  cast  with  a  fiat  base  or  should  have  one 
applied  before  they  are  used.  This  base  will  distribute  even!./  the  appl.ied  load 
and  also  farilxtate  mounting  the  tool  on  the  machine  using  vacuum  chucks,  which 
aie  also  recommended.  Vacuum  chucks  do  away  with  the  need  for  Bnehormg  attach 
bolts,  anchor  nuts,  or  other  metallic  inserts  in  the  base  of  a  ceramic  tool, 
.Metall.le  material  buried  in  ceramic  castings  can  cause  damage  when  heated  or  not 
thorou^ily  coated  with  a  protective  coating  and  isj  therefore,  not  recomnended. 

-Hot  3tr etchforming  should  be  performed  by  the  single ,  rapid  pull  technique  for 
the  best  part  was  made  by  slightly  preforming  the  blank  on  the  block  cold  to 
position  it  firmly  in  the  Jaw-electrodes j  then  backing  off  slightly,  heating  to 
furming  ten^serature,  and  pulling  as  rapidly  as  possible  to  a  position  that  did  not 
quite  break  the  metal.  A  good  part  was  also  made  by  multiple  stage  or  cyclic 
forming  methc^,  but  due  to  increased  length  of  time  at  heat  and  difficulty 
experience-d  in  reheating  the  metal  to  forming  te.iiT»erature  after  the  first  time, 
it  cannot  be  reoomiw=nded,  at-  least  net  for  AISI  420,  Heating  could  be  better 
aecompllshed  if  the  machine  was  designed  with  integrally  contained  jaw-electrodes 
and  a  power  supply  capable  of  supplying  about  100  KVA  for  the  part  used. 
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PAST  IV  -  DRAW  DIE,  mca}lK?riON  SIZE 


IMTRCDUCTIOH 


The  evaluation  of  ceramic  double  action  draw  dies  was  again  attenipted  la 
this  phase.  The  new  10  inch  diameter  cup  configuration  chosen  for  the  trials 
was  expected  to  he  slightly  easier  to  form  than  the  rectangular  shape  evaluated 
during  Phase  IV. 


PROCEDURE 


Mold  Construction 

Models  of  the  new  draw  ring  and  punch  were  machined  of  cast  nagnesium  tooling 
hillet.  The  ring  has  nominal  dimensions  of  10  inches  inside  diameter,  20  inches 
outside  diameter,  and  a  4  inch  hei^t.  The  working  face  was  relieved  O.O5O  Inch 
to  leave  a  2  inch  vide  land  around  the  inside  diameter.  The  outside  was  tapered 
approximately  l/2  inch  to  facilitate  removal  of  the  model  from  a  mold  or  a 
casting  from  a  mold;  the  inside,  however,  was  cylindrical,  except  for  .004  inch 
draft  on  the  diameter.  The  punch  dimensions,  also  nominal,  were  10  inches  in 
diameter  and  8  Inches  high*  The  outside  diaxaeter  was  tapered  only  0.010  inch  to 
preserve  as  vertical  a  shape  as  possible  yet  still  provide  some  draft  angle  for 
separation  of  the  model  from  the  laold  and  the  casting  from  the  D»ld.  Figxires 
224  and  225  show  the  ring  model  and  the  punch  model  with  a  ceramic  punch. 

The  models  were  used  to  make  nxilds  of  both  No,  1  pottery  plaster  and  fiberglass 
reinforced  epoxy  plastic.  Several  atteaipts  were  made  to  make  molds  of  K-25 
gypsum  plaster,  but  trouble  was  encountered  in  that  the  parting  agents  failed. 

The  magnesium  metal  reacted  with  the  constituents  of  the  K-25  plaster  with  the 
formation  of  bubbles  at  the  Interface  which,  conseq.uently,  left  pits  in  the  nxjld 
surface  rendering  it  unfit  for  use.  The  No.  1  plaster  molds  were  made  by  placing 
a  dam  around  the  model  on  a  waxed  and  greased  sxjrface  plate,  then  pouring  the 
fresh  mixture  around  and  over  the  model  (see  Figure  226),  A  further  refinement 
was  made  when  difficulty  was  encountered  stripping  the  25A.1  material  from  the  mold. 
Sheet  aluminum  dividers  trlnmed  to  clear  tiie  models  by  l/4  to  l/2  inch  were  placed 
over  the  models  before  the  plaster  was  poured.  Figures  227  and  228  show  the  ring 
mold  and  Figure  229  shows  the  punch  EK>ld,  The  models  were  also  used  to  make 
plastic  molds  (see  Figure  230 ).  These  molds  were  used  to  cast  hydraulic  and 
chemical  setting  castables. 

Die  Fabrication 


A  complete  tool  consists  of  two  rings,  used  face  to  face,  and  a  punch.  Tools 
were  made  of  2QA,1,  25A.1,  and  108a.1.  The  2Cft,l  and  IO8A.I  were  cast  in  the 
plastic  mold  and  the  25A.1  was  cast  in  the  break-up  type  Mo,  1  pottery  plaster 
mold  using  vibration  of  10,000  vpm  frequency.  Slmonlz  wax  and  peanut  oil  were 
used  as  parting  agents  for  the  2QA.1  material  and  a  sprayed  coat  of  rubber  base 
paint  was  applied  and  allowed  to  dry  before  casting  the  IOSa.I  maberlal.  No 
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parting  agent  v^s  used  in  the  plaster  imM  for  casting  25A«1  material.  The 
interior  mold  surfaces  vere  sprayed  vith  water j,  using  a  paint  spray  gun,  immediately 
before  casting  25A.1  material.  This  practice  seemed  to  slow  down  the  high  rate  of 
water  absorption  which  occurs  at  first  and  relieves  the  tendency  for  some  areas 
to  stick  to  the  mold. 

Stripping  from  the  plastic  molds  was  acconipllshed  by  inverting  the  molds  con¬ 
taining  the  castings  and  introducing  cori5)ressed  air  to  the  interface  through  pre¬ 
viously  drilled  small  holes  through  the  bottoms  of  the  molds.  Some  Impact  was 
also  needed  to  jar  the  casting  loose  from  the  vertical,  center  portion  of  the  ring 
mold,  but  the  punch  mold  usuall.y  came  off  the  punch  casting  using  only  reduced  or 
less  than  plant  air  press’ora.  The  green  strength  of  both  £0A,1  ani  IC^.l  was 
sufficient  to  permit  removal  of  the  ring  mold  without  damage  to  the  casting. 

The  25A,1  ceramic  castings  were  cured,  dried,  and  baked  per  previously  deter¬ 
mined  schedule,  Table  37 ♦  w-hile  still  in  the  break-up  type  irolds.  This  treatment 
weakened  the  bond  of  the  plaster  enabling  it  to  be  broken  apart  Into  sections. 

See  Figures  231,  232,  233,  234,  235  and  236  which  show  a  typical  seq^uence  of  ring 
mold  renoval  and  punch  mold  reuKJval, 

All  draw  die  congponents  were  fired.  The  lOSA.l  material  was  fired  at  60C  F, 
the  2Cft,l  material  at  1500  F,  and  the  25A.1  material  at  2000  F.  See  Table  31, 

Page  364,  for  further  details.  Figures  256,  257,  and  258  show  108a.1  draw  die 
components}  Figures  259>  260  and  26l  show  20A.1  coni)onents}  and  Figures  2.62,  263 
and  364  show  25A,1  components.  Figures  265  and  266  show  draw  die  mounted  in 
press  with  draw  ring  retracted  and  extended  respectively. 

Base  Application 

Plastic  bases  were  put  on  each  tool  courponent.  Fixtures  were  made  having 
metal  plates  with  three  adjustable  legs  and  hook  bars  for  boldlrig  the  tool  to 
the  metal  plate.  The  fixtures  were  placed  on  a  stsrface  plate.  The  ring  or  punch 
was  clamped  up  to  the  metal  plate  and  then  a  height  gage  was  used  to  parallel  the 
metal  plate  to  the  surface  plate  by  adjusting  the  length  of  the  legs.  The  surface 
plate  was  properly  prepared  with  wax  and  grease  and  a  low  dam  of  modeling  clay  or 
plywood  was  put  around  the  assembly.  Plastic  was  then  poured  around  the  punch  or 
in  the  center  of  the  ring.  See  Figures  237,  238,  239  and  240. 

Press  Preparation 

The  saiK!  double  action  head  adapted  to  the  experimental  presi  as  used  in  Phase 
IV  •ms  again  employed,  Pifferent  vacuum  chucks  which  conform  to  con^ionents  of  this 
tool  were  used  (see  Figure  241).  These  chucks  were  bolted  to  the  press  platens 
and  vacuum  lines  were  attached.  The  previously  used  jaw-electrodes  were  again 
■>ised  to  heat  the  .OJl  x  1,8  x  34  inch  blanks. 

Tool  'Trials 

Several  trials  were  conducted  with  each  of  the  2CA.1,  25A,1,  and  108a,1  tool 
components,  A  single  draw  stroke  resulted  in  rupturing  the  blank  when  the  punch 
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had  barely  fomed  a  radius.  Figure  2^5  shows  a  typical  failure.  Trials  were  then 
Esade  using  repeated,  limited  depth,  strokes  with  interiaedlate  reheating.  Pro- 
gressi've  loDvements  of  the  punch  into  the  die  ring  were  limited  to  lA  to  3/8  inch 
per  cycle.  Positive  stops  were  later  devised  by  which  definite  distances  of  punch 
advancement  could  be  preset.  Parts  were  drawn  to  depths  of  one  inch  using  tempera¬ 
tures  from  1300  P  to  1500  P  (see  Figure  2^3)*  Five  psl  was  selected  as  being 
optimum  for  the  draw  ring  for  most  trials,  A  ram  pressure  of  1000  psi  was  used 
on  the  punch.  Wrinkling  occurred  in  all  trials. 


DISCUSSION  OF  RESULTS 


Most  of  the  tool  coE^ponents  failed  during  use*  The  rings  failed  through 
hoop  tension  by  breaking  radially  into  as  many  as  foxir  pieces.  The  punches  failed 
by  shear  at  the  radius  (see  Figures  2hk  and  245  for  failed  draw  ring  and  punch 
respectively).  Lubrication  of  the  action  by  the  use  of  talc  and  a  silicone  grease 
was  tried,  but  such  lubrication  was  found  Inadequate,.  Table  41  shows  pertinent 
data  concerning  the  e\'aluation  of  these  tools. 


CONCLUSIONS 


The  20A.1  castable  which  was  fired  to  15OO  P  before  use  seemed  to  be  the  beet 
suited  of  the  three  materials  used  for  this  evaluation.  Five  trials  were  com¬ 
pleted  before  the  draw  ring  failed  by  cracking  radially.  Two  trials  only  were 
completed  by  any  other  tool  before  one  of  the  three  tool  components  failed. 

Neither  talc  nor  silicone  grease  used  as  lubricant  performed  with  any  great  degree 
of  success.  The  metal  was  scored  and  galled  in  the  area  where  it  was  pulled 
over  the  die  ring  radius.  Very  little  metal  movement  took  place  in  the  clamping 
area  of  the  rings  even  though  clamping  pressure  was  little  enough  to  allow 
wrinkles  to  form.  Most  forming  done  was  acconptllshed  through  stretching  of  the 
EKtal  in  the  radius  area. 


RECOJMEHDATIONS 


Since  all  tools  that  ^re  used  failed  throu^  tension  or  shear  forces,  it 
is  recommended  that  tool  design  for  ceramic  tooling  for  this  use  include  a  box 
type  container  for  the  die  or  die  ring  or  an  increased  mass  of  material  to  with¬ 
stand  the  tensile  forces  applied.  In  addition,  since  little  true  draw  forming 
action  (plastic  flew)  had  occurred  because  of  lack  of  metal  movement  between  the 
claii5>ing  areas,  a  recomaendatlon  is  nmde  to  further  investigate  to  find  a  means 
to  lubricate  this  action. 
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PART  ?  -  draw  heat  TREAT  PDCTDRE .  HIODUGTIOK  SIZE 


INTRODUCTION 


The  re-evaliiation  of  the  draw  heat  treat  fixture  was  run  In  an  effort  to 
deteraine  the  effectiveness  of  using  resistance  heating  to  stress  relieve  a 
formed  part.  The  previous  test  was  run  by  placing  the  ceramic  fixture  containing 
the  formed  part  In  an  oven  at  the  desired  temperature.  This  n^thod  required 
quite  a  lengthy  period  of  time  for  the  formed  part  to  reach  a  stabilized  tenper- 
ature,  so  a  faster  method  of  bringing  the  formed  part  to  temperature  was  desirable. 


PROCEDURE 


The  25A.1  material  heat  treat  fixture  which  was  evaluated  In  Phase  IV  was 
used  as  a  draw  heat  treat  fixture  for  this  resistance  heated  part  stress  relief 
fixture.  This  25A.1  material  tool  was  chosen  because  of  Its  excellent  thermal 
insulating  properties. 

As  described  in  Phase  IV,  the  male  half  of  this  tool  was  cast  of  the  25A.1 
material  and  the  female  half  was  fabricated  by  casting  a  25A.1  face  on  the  male 
half  and  then  strengthening  this  cast  face  with ■ cemented  fused  silica  foam  blocks. 

Nine  thermocouples  were  attached  to  the  AISI  1-20  formed  part.  Grooves  were 
cut  in  the  male  block  to  provide  clearance  for  the  thermocouple  leads. 

An  AISI  420  part,  which  was  previously  formed  during  the  laboratory  sire 
stretchform  block  evaluation  of  Phase  IV,  was  placed  on  the  male  half  of  the 
25A.1  draw  heat  treat  fixture  and  covered  with  the  female  half  of  the  tool.  The 
thermocouple  leads  were  placed  in  their  grooves  in  the  block  so  that  the  formed 
metal  part  would  contact  the  ceramic  fixture  con^jletely. 

Copper  bar --'type  electrodes  were  then  attached  to  each  end  of  the  formed  part 
which  extended  out  of  the  ceramic  draw  heat  treat  fixture.  These  electro»les  were 
attached  to  a  transformer  by  means  of  large  copper  cables.  The  poorer  to  the 
transformer  was  finished  by  a  saturable  core  reactor  so  that  small  power  adjust¬ 
ments  could  be  made  la  order  to  obtain  the  desired  temper  attire. 

A  multichannel  temperature  recorder  was  used  to  monitor  the  nine  thermocouples 
which  were  attached  to  the  part  in  the  draw  heat  treat  fixture.  The  locations  of 
these  thermocouples  are  shown  in  Figure  246,  Page  423.  The  assembly  of  this 
fixture  is  shown  in  Figures  24?,  248,  and  249,  Pages  421  and  425. 


Power  was  applied  to  the  part  using  the  saturable  reactor  and  transformer  on 
a  program  such  that  the  highest  indication  of  any  of  the  nine  thermocouples 
would  be  maintained  at  1000  F,  This  tensperature  was  maintained  for  seven  and 
one-half  hours.  The  coi^lete  test  setup  is  shown  in  Figure  250,  Page  425. 
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DISCUSSION  OF  RESULTS 


Thermocouple  Humber  Seven,  which  was  located  in  the  center  of  the  formed  part, 
reached  1000  F  in  approximately  five  minutes  after  heating  was  begun.  The  power 
requirements  for  maintaining  the  highest  temperature  thermocouple  on  the  part  at 
10(X)  P  was  approximately  500  an^is  at  5  volts. 

As  the  center  thermocouple  reached  ICXX)  P,  the  outside  thermocouples,  numbered 
one  and  three,  had  reached  800  F.  At  the  end  of  seven  and  one~half  hours,  during 
which  time  the  center  of  the  part  had  been  maintained  at  1000  F,  the  outside  of 
the  part  had  dropped  to  700  F. 

This  loss  in  temperature  is  due  primarily  to  the  fact  thiit  as  the  ceramic 
fixture  became  hotter  next  to  the  formed  peurt,  it  was  necessary  to  reduce  power 
so  as  not  to  overheat  the  center  of  the  part.  The  edges  of  the  formed  part  were 
located  approximtely  3/^  iach  from  the  outside  of  the  female  half  of  the  ceramic 
fixture  while  the  distance  from  the. center  of  the  part  through  the  fixture  to  the 
outside  was  six  inches.  This  difference  in  insulation  allowed  the  center  of  the 
part  to  be  maintained  at  the  desired  ten^erature  while  the  outside  of  the  part 
became  progressively  cooler.  This  condition  would  continue  until  the  heat  loss 
equals  the  heat  gain  at  which  time  the  ten^erature  differential  would  stabilize. 


CONCHBIOl© 


The  temperature  differential  which  was  obtained  in  the  evaluation  of  this 
ceramic  stress  relief  fixture  was  too  great  for  its  successful  use  as  either  a 
draw  heat  treat  or  as  a  stress  relief  fixture. 

The  insulating  properties  of  the  25A.1  material  are  such  that  a  very  small 
amount  of  power  is  required  for  maintaining  forired  netal  parts  at  the  desired 
temperature.  The  metal  part  also  responds  very  quickly  to  small  power  adjust¬ 
ments. 


RECOMMENDATIONS 


It  Is  recommended  that  draw  heat  treat  fixtures  be  constructed  so  that  the 
formed  metal  parts  are  enclosed  by  the  ceramic  material  such  that  the  distance 
from  the  part  through  the  ceramic  will  be  approximately  equal  in  all  directions. 
This  will  tend  to  equalize  the  heat  loss  and  to  reduce  the  temperature  differ¬ 
ential  in  the  metal  part. 

It  is  further  recomnended  that  resistance  heated  part  type  ceramic  draw 
heat  treat  fixtures  be  constructed  of  materials  having  low  thermal  conductivity 
and  tlmt  materials  for  furnace  type  fixtures  have  high  thermal  conductivity. 
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PART  VI  -  FORMBILTIT 

IHTRODUCTION 


As  previously  mention  in  Part  I  ^  Hydroform  Block,  Laboratory  Size,  the 
purpose  of  these  formability  trials  vas  to  show  what  results  could  be  expected 
when  ceramic  tools  were  used  to  form  parts  of  high  strength  heat  resistant 
materials  for  airframe  and  missile  structures.  To  make  comparisons,  three 
temperatureB  were  used  to  form  parts s  room  temperature,  an  elevated  temperature 
recommended  by  the  material  manufacturer,  and  a  still  higher  teurperature ,  the 
use  of  which  probably  would  not  be  possible  without  ceramic  tooling.  The  first 
two  temperatures  are  in  current  use  for  forming  some  of  the  materials  with  con¬ 
ventional  metallic  tooling. 


FROCEDmE 


For  preliminary  trials  the  sheet  mterlals,  which  had  beer  selected  in 
Phase  1,  were  blanked  out  with  the  same  eteel-rtjle  die  used  to  make  the  AISI  it-£0 
blanks  for  the  laboratory  size  hydroform  block  evaluation.  As  mentioned  earlier, 
blank  locator  pins  were  not  placed  in  the  ceramic  form  blocks,  for  it  was  felt 
that  a  single  set  of  external  locators  could  be  devised,  thus  avoiding  locator 
contpli cations  in  all  of  the  blocks.  Three  or  more  blanks  were  made  of  each  material. 

For  the  production-size  evaluatlon,one  blank  each  was  sheared  to  the  dimen¬ 
sions  used  for  the  durability  trials,  .031"  x  22"  x  72".  These  runs  were  made 
using  the  same  higher  temperatures  which  were  used  in  the  previous  laboratory- 
size  trials. 


These  preliminary  trials  were  run  on  blocks  of  various  ceramic  mteriale  as 
are  Indicated  in  Table  42,  Page  3B1,  but  the  prodyctlon-size  trials  were  all 
run  on  one  block  made  of  unfixr-d  20A.1  material.  See  Table  4.5,  Page  386. 

Figures  I81,  l82,  183.,  l84,  and  I85  are  a  sequence  of  stages  of  a  typical 
preliminary  laboratory-size  run.  The  production-sizs  trial  followed  the  same 
sequence  as  used  in  the  durability  run  shown  by  Figures  194,  195*  1-96,  197.,  198* 
and  199. 


DISCUSSION  OF  RESULTS 


The  laboratory  hydroform  block  trials  point  out  vividly  the  increased  form- 
ability  of  aU.  the  metals  tried  as  forming  temperature  is  raised.  Figures  267, 
268,  and  269  show  parts  formed  at  room  tenipereture,  recommended  temperature, 
and  some  higher  t-eiperatur-e ,  respectively.  Examination  reveals  how  increased 
teEperature  decreases  the  number  and  size  of  wrinklcB  and  the  amount  of  spring* 
back. 
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The  production-size  trials  made  on  the  5000-ton  Lake  Erie  hydropress 
served  to  further  emphasize  the  fact  that  high  forming  temperatures  reduce 
forming  pressures.  The  metals  heated  to  the  highest  temperature  used  in  the 
laboratory  trials  all  formed  on  the  hydroform  block  in  an  acceptable  manner, 
except  the  HM-21-A  material.  This  material  split  along  the  radii  of  the  ribs 
on  the  block  face,  due  probably  to  the  q^uenching  effect  of  the  block.  It  does 
not  form  well  vrtien  cold,  as  shown  by  cracking  of  part  when  room  temperature 
forming  was  attempted  on  the  laboratory-size  hydrofona  block.  The  action  of 
the  press  was  slow  and  magnesium  is  a  good  heat  conductor,  so  the  blank  was 
readily  cooled  by  the  cold  block  before  forming  pressure  was  applied.  Figures 
270,  271,  272,  273,  275i  276,  and  277  show  the  parts  formed  on  production- 
size  hydroform  blocks  run  in  the  production  hydropress.  Figures  278  and  279 
show  overall  and  close-up  of  typical  hydroforra  block  failure. 


CONCLUSIO^B 


The  metals  formed  for  this  evaluation  were  those  chosen  as  being  typical 
of  futtire  materials  of  construction  and  show  that  better  conformance  of 
material  to  tool  can  be  achieved  at  high  temperatures.  The  use  of  ceramic 
tools,  shown  to  be  capable  of  performing  this  type  of  function,  makes  the 
upper  temperature  limit  depend  only  on  the  material  being  formed.  Spring- 
back,  caused  by  the  high  modulus  of  elasticity  possessed  by  most  of  the  materials, 
was  the  characteristic  most  notably  responsible  for  non-conformance  of  part  to 
form  block  at  lower  temperatures.  Its  effects  can  be  nearly  nulifled  by  the 
use  of  high  tenq>eratureB.  As  noted  previously,  raaocimum  elongation  is  not 
prerequisite  for  hydroforming  many  coafigiirations.  For  such  configurations,  the 
use  of  high  temperature,  with  accompanying  lower  elongation  and  less  sprlngback, 
is  more  desirable.  (Refer  to  discussion  at  top  of  Page  3^2.) 


RECOMMTffiATIOIB 


The  forming  temperature  should  be  as  high  as  can  be  used  without  detri¬ 
mental  effects  on  the  material  being  formed.  Embrittlement  by  gas  absorption 
and  excess  scaling  are  two  exactples  of  detrimental  effects.  Ceramic  tooling 
should  be  considered  for  high  temperature  forming  because  of  its  inherent 
resistance  to  heat.  Machine  tools  to  be  used  for  hot  forming  should  be  prepared 
by  the  removal  of  all  combustible  materials  from  the  blank  vicinity  and  the 
repair  of  hydraulic  oil  leaks  so  common  around  hydraulically  operated  equipment. 
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CONCLIBIOI^ 


GEMRAL 


HOD-metallic  tooling,  or,  specif icall.y,  refractory  ceramic  tooling,  has  been 
shown  by  this  investigation  to  have  a  definite  place  in  nany  applications  requiring 
high  temperature  operations.  The  negligible  effect  or  absence  of  affect  of  heat 
on  tools  made  of  this  type  of  material  Isas  been  illustrated  in  alnost  all.  of  the 
applications  investigated.  Hot  forming  of  sheet  metal  constitutes  the  great 
majority  of  possible  ceraEdc  tooling  applications,  but  joining  such  as  by 2 
brazing,  soldering,  and  -weldlrig,  is  another  important  field  of  application.  Heat 
treating  and  stress  relieving  are  also  important  areas  of  application.  Character¬ 
istic  properties  needed  for  each  type  of  tool  vill  dictate  the  choice  of  the 
refractory  ceramic  for  its  construction.  It  has  been  found  that  in  practically 
every  case  a  comnercially  available  product  can  be  obtained  thiat  will  make  a  tool 
possessing  the  desired  properties. 

Within  the  areas  Investigated  under  this  contract,  the  strength  of  a  castable 
both  as  dried  and  fired,  determined  by  a  modulus  of  rupture  test,  was  the 
characteristic  considered  foremost  In  the  material  selections.  Other  chaiacter=> 
istics  were  also  considered  and  are  used  as  column  headings  in  Table  I.5,  Page  120. 

The  column  headed  "Surface  Finish"  indicates  to  some  extent  the  grain  jlze 
and  distribution  of  a  pai-ticular  product.  Grain  size  affects  other  character¬ 
istics  also  in  that  large  grains  wl.ll  lower  shrinkage  and  the  proper  distri-- 
button  of  large  and  small  grains  will  provide  a  strong,  Emooth,  dense,  product. 


The  ceramic  castables  which  were  e-ralusted  can  be  broadly  grouped  into  three 
claBe if ications . 

1.  HydraxiHeally  bonded 

2.  Chemically  bonded 

3 .  Heat  bonded 

Castables  which  couM  be  grouped  In  two  or  three  classes  do  exist,  as  well  as 
those  which  are  bonded  by  only  one  method  listed  above. 

Hydraulically  bonded  castables  set-up  at  room  temperature  and  form  products 
which  In  that  state  are  nearly  as  strong  as  they  will  ever  be.  Portland  cement, 
gypsum  cement,  and  Ltuanlte*  or  CA-25*^  cements  are  typical  constituents  of  umsst 
of  the  castables  which  are  bonded  in  this  manner.  They  are  calcined  products  that 
combine  with  water  to  grow  accicular  crystals  which  Impart  strength.  Most  cal¬ 
cium  alumlnate  bonded  castables  can  also  be  fired  at  temperatures  ranging  from 
2000  F  to  30<X'  F  thereby  fining  varying  amounts  of  strength.  As  a  word  of  caution, 
however.  It  should  be  noted  that  as  tenperature  Is  Increased  a  point  Is  reached 
at  which  the  h\4raulic  bond  is  destroyed  and  the  vitreous  bond  is  not  yet  formed, 

30  the  castable  is  in  a  weakened  state.  This  condition  occurs  in  the  neighborhood 
of  1900  F,  for  most  caistables  but  should  be  determined  for  a  specific  castable  so 
that  firing  in  that  range  can  be  avoided.  Material  Codes  5A.1,  IPE.l,  208.1, 

39A,1  and  7IB.I  are  typical  examples  of  hydraulically  bonded  castables .  (Page  10). 

♦Domestic  calcium  alumlnate  cement,  a  product  of  the  Universal  Atlas  Cement  Co. 
■♦Calcium  Alumlnate,  a  product  of  the  Aluminum  Company  of  America 
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Chemically  bonded  castablee  do  possess  good  "as  cast"  strength  as  a  rule;  but 
require  some  moderate  anwunt  of  heat  to  ^in  saximuia  strength.  Teciperatures 
ranged  from  600  F  to  1500  F  to  bond  those  which  were  e’.'aluated  during  this  investi¬ 
gation.  The  bonding  compounds  which  were  formed  were  alumlno-phosphates  and 
alumino-silicates.  This  type  of  castable  was  generally  received  as  a  two-part 
shipment j  one  to  be  mixed  with  the  other  immediately  prior  to  placement.  {Material 
Codes  20A.1  and  106A.1  are  typical  of  chemlcaily  bonded  materials. 

Heat  bonded  castables  for  the  most  part  have  very  little  "green"  strength, 
and  require  firing  to  tecperattire  of  2000  F  or  more.  For  this  reason  few  cast¬ 
ables  are  solely  heat  bonded,  but  contain  some  binder  which  will  provide  handling 
strength  until  firing  can  be  accoaipllshed.  Most  of  this  type  of  castable  set  by 
loss  of  water,  so  the  use  of  porous  molds  is  advantageous.  Material  Codes  25A.1 
and  25B.1  are  typical  of  the  heat  bonded  type. 

Cost  Analysis 

Since  "cast  to  dis^nsion"  ceramic  tools  are  intended  for  use  at,  temperatures 
above  the  usefulness  of  other  "cast  to  dimension"  materials,  no  real  cost  compari¬ 
son  can  be  made.  Conpared  to  "machined  to  dimension"  tooling  for  applications  at 
tenperatures,  up  to  2000  F,  the  use  of  "cast  to  dimension"  ceramic  materials  will 
obviously  resuO-t  in  a  cost  saving. 


HYmOFORM  BLOCKS 


A  refractory  ceraioic  tool  to  perform  this  kind  of  function  must; 

1.  Withstand  conpressive  loads, 

2.  Be  capable  of  producing  a  flat  mounting  surface. 

3.  Permit  heat  on  face  only  without  ill  effect. 

Support  occasional  requlresjent  for  small  radii, 

5.  Be  capable  of  producing  a  snooth  surface. 

Hydraulically  bonded  castables  using  calcium  aluminate  cement  and  a  high 
alumina  ag^egate  will  yield  castings  posaessing  these  characteristics.  Firing 
of  the  tools  is  not  necessary  and  high  tenparatures  have  a  minimum  adverse  effect 
on  them.  Some  typical  materials  which  have  been  investigated  and  are  suited  to 
the  application  are:  IP.l,  5A.1,  8b.1,  ISE.l,  PQB.l,  21A.1,  1+lA.l,  TlB.l,  and 
106D.1,  but  8b.1,  Norton  Cospany's  33-HD,  is  believed  to  be  superior.  Refer  to 
Pages  5  and  10. 

It  is  not  logical  to  attempt  establlslu^nt  of  standard  tool  drawings  at  this 
time,  but  the  tool  design  should  carry  son®  standard  Items  in  the  bill  of  material 
and  should  show  some  standard  general  notes  In  all  cases. 

The  bill  of  material  should  list; 

1,  Name  and  amount  of  castable  and  water  or  binder  needed, 

2,  Kind  of  parting  agent  to  be  used  in  moM. 

3,  Number  and  types  of  attachment  and  handling  accessories  to  be  used  for 
Inclusion  la  casting. 

h.  Name  and  amount  of  mold  material  needed. 

5.  Number  and  kind  of  mold  reinforcement  or  handling  accessories  needed, 

6,  Name  and  amount  of  mterial  for  flat  base. 
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General  notes  should  include; 

1.  Stencil  on  tool:  CERAMIC  TOOL  -  FRAGILE  -  HAilDLE  WITH  CARE. 

2.  Stencil  on  tool:  DO  NOT  CLEAN  WITH  COMFKESSED  AIR. 

3.  Stencil  on  tool:  STORE  INDOORS. 

k.  Use  largest  practical  draft  and  nonfunctional  radii, 

5.  Master  M>del  number  is  _ _  . 

6.  Minitaum  tool  thickness  to  be  3  inches. 

7.  Maximum  tool  size  to  be  _________  Ly  ________  inches. 

(Governed  by  size  of  hydropress  bed) 

The  bill  of  material  should  also  list  additional  items  specifically  appli¬ 
cable  to  the  tool  design.  The  general  notes  vill  include  engineering  part 
number,  references,  type  of  iixild  to  be  made,  what,  if  any,  provisions  are  neces¬ 
sary  to  compensate  for  thermal  shrinkage  or  other  dimensional  changes  in  part 
after  forming  hot,  and  specific  items  peculiar  to  that  tool  design. 


DRAW  DIES 


Although  the  use  of  ceramic  draw  dies  is  not  recommended.  It  Is  realized  that 
some  con^janles  will  still  desire  to  pursue  their  development.  Ceramic  draw  die 
components  and  necessary  functions  are: 

1.  Punch  to  withstand  compression  and  shear  load. 

2.  Die  ring  to  withstand  con^iression,  shear  and  tension. 

3.  Draw  ring  to  withstand  compression. 

All  components  capable  of  being  stud  mounted  or  vacuxim  chuck  mounted, 
the  latter  being  preferred, 

5.  All  conponentE  capable  of  withstanding  heat  on  one  face  only. 

6.  Rings  must  have  a  smooth,  non-grainy  draw  siarface. 

Chemically  bonded  castables  produce  the  best  ceramic  tools  for  this  function. 
High  strength  is  a  prime  prereq^uislte  to  handle  the  tension  and  shear  loads 
applied  to  the  tool  con^Jonents  in  use.  It  would  be  advantageous  to  make  the  die, 
especially  the  ring,  as  massive  as  possible. 

This  type  of  tool  has  presented  unsolved  problems  which  have  prevented  an 
entirely  complete  evaluation  from  being  made,  A  plastic  type  draw  action,  t^^pical 
with  conventional  draw  die  operation,  has  not  been  achieved.  This  failure  to 
produce  plastic  flow  is  attributed  mainly  to  inadequate  lubrication. 

The  limited  number  of  draw  press  die  trials  which  have  been  attempted  show 
that  the  metal  is  merely  stretched  and  consequently  thinned-out  in  the  radius 
area.  All  trials  ended  with  broken  dies,  but  one  material.  Code  Nmber  DOA.l*", 
stood  up  under  the  tests  better  than  the  others.  It  is  a  two  part  castable  with 
a  binder  which  forms  a  glassy  type  bond.  A  bond  of  this  type  laay  have  a  small 
araaunt  of  "give"  under  high  loads.  This  particular  castable  softens  at  tenperatures 
near  I8OO  F. 

It  Is  believed  that  this  investigation  has  not  produced  enough  information  to 
make  an  attenpt  at  specifying  a  standard  uanufact’oring  method  for  draw  dies. 

♦■The  Charles  Taylor  Sons  Company's  X-IO326C 
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SglETCHFQRK  BLOCKS 

To  use  this  kind  of  tool  a  material  must: 

1.  Withstand  corttpressive  loads. 

2.  Be  capahle  of  producing  a  flat  mounting  surface  with  or  without  buried 
anchor  nuts  for  stud  munting  or  for  vacuum  mounting,  the  latter  being 
preferred. 

3.  Permit  heat  to  be  applied  to  one  face  only  without  ill  effect. 

4.  Be  capable  of  being  made  as  a  solid  or  a  cap  type  tool,  the  former  is 
generally  preferred. 

5.  Be  able  to  produce  a  smooth  sxirface. 

In  general,  the  same  high  alumina* calcium  aluminate  bonded  castables  as  are 
suited  for  hydroform  block  use  are  suited  for  stretchform  blocks  also.  Many 
stretchform  blocks  used  for  the  production  of  aluminum  sheet  metal  parts  are  quite 
large,  being  on  the  order  of  five  by  twelve  feet.  A  block  to  hot  form  a  high 
strength  metal  part  of  similar  size  would  need  to  be  a  cap  type  tool  to  conserve 
naterial  and  reduce  weight.  A  rigid  back-up  plate  would  have  to  be  provided  to 
use  the  tool  on  a  conventional  machine  and  a  large  capacity  heating  unit  would  be 
needed. 

The  bill  of  material  should  list; 

1.  Name  and  amount  of  castable  and  water  or  binder  needed. 

2.  Kind  of  parting  agent  to  be  used  In  mold. 

3.  Name  and  amount  of  core  material  needed  if  a  cap  type  tool  is  to  be  made. 

km  Number  and  type  of  attachinent  and  handling  accessories  to  be  Included 

in  casting. 

5.  Name  and  amount  of  mold  material  needed. 

6.  Number  and  kind  of  mold  reinforcements  or  handling  accessories  needed. 

General  notes  should  include; 

1.  Stencil  on  tool;  CERAMIC  TOOL  -  FRAGILE  -  HANDLE  WITH  CARE. 

2.  Stencil  on  tool;  DO  NOT  CLEAN  WOT  COMPRESS  AIR. 

3.  Stencil  on  tool;  STCRE  INDOORS. 

4.  Use  largest  practical  draft  and  nonfunctional  radii. 

5.  Master  model  nimber  is  _ _ . 

6.  Prick  punch  locations  to  be  per  _ . 

7.  Miniciam  tool  thickness  to  be  6  inches. 

8.  Orient  base  for  equal  elongation  of  top  and  bottom  of  blank. 

Bill  of  material  wi]l  also  list  those  items  that  apply  specifically  to  the 
tool  design. 

The  general  notes  will  also  state  those  engineering  part  references  needed, 
the  type  of  nKld  to  be  used,  references  to  existing  Jigs  which  are  to  be  used, 
and  other  pertinent  items  peculiar  to  the  particular  tool. 
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HEAT  THEAT  AltD  BRAZE  FIXTURES 


Ceramic  heat  treat  and  hraze  fixtures  will  be: 

1.  Subject  to  light  loads  only. 

2.  Flat  surface,  fxirnace  hearth  mounted,  except  when  used  with  the  electric 
blanket  brazing  process. 

3.  Subject  to  high  ten^eratures  and  large  tenperature  variations. 

h.  Subject  to  severe  thermal  shock,  particularly  when  used  for  electric 
blanket  brazing  tooling. 

Heat  bonded  castables  are  best  suited  to  this  application.  They  are  capable 
of  being  maintained  at  high  tej^eratures  for  extended  lengths  of  time  without 
harm.  In  addition  to  heat  resistance,  and  eq,ually  as  In^jortant,  is  a  re<iulrement 
for  good  thermal  shock  resistance.  The  castable  materials  most  suited  for  this 
application,  based  on  investigations  to  date,  aire  25A0I  thru  25E.1  (products  of 
Glasrock  Products,  Inc„),  They  are  materials  which  use  fused  silica  as  their 
major  constituents,  and  therefore  have  practically  no  thermal  expansion.  An 
upper  tenperature  limit  of  2100  P,  for  extended  peric^s  of  time,  must  be  observed. 

The  hiU  of  material  should  list; 

1.  Name  and  amount  of  castable  and  water  or  binder  needed. 

2.  Kind  of  parting  agent  to  be  used  In  mold. 

3.  Name  and  amount  of  core  oaterial  if  a  cap  type  tool  is  to  be  made. 

h.  Humber  and  type  of  handling  accessories. 

5.  Name  and  amount  of  mold  material 

6.  Number  and  kind  of  mold  reinforcement  and  handling  accessories  needed. 

General  notes  should  Include; 

1.  Stencil  on  tool;  CMAKEC  TOOL  -  PRAGUE  -  HAKDIE  WITH  CARE. 

2„  Stencil  on  tool;  DO  NOT  CLEAN  WITH  COMPRESSED  A3H. 

3.  Stencil  on  tool;  STCKE  IliDOCKS. 

A.  Use  largest  practical  draft  and  nonfunctional  radii. 

5.  Master  zsodel  number  is  . 

The  bill  of  material  will  also  Include  such  items  as  part  locating  pins, 
guides  for  positioning  fixture  cover,  and  handling  dollys  If  required. 

The  general  notes  will  in  addition  furnish  all  pertinent  data  such  as  engineering 
part  reference  numbers,  the  type  mold  to  he  used,  explanation  of  how  parts  are  to  be 
located  in  fixture,  and  notes  flagging  procedures  to  be  followed  during  construction. 


STRESS  RELIEF  FIXTURES 
Ceramic  stress  relief  or  draw  fixtures  will  be: 

1.  Siubject  to  light  loads  only. 

2,  Flat  surface,  usually  oven  floor  mounted. 

3»  Subject  to  eleinted  temperattires  and  temperature  variations. 
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This  application  req.ulreB  a  castable  with  heat  and  thermal  shock  resistant 
properties  which  are  not  quite  as  stringent  as  for  heat  treat  and  braze  fixtures. 
Operating  temperatures  are  generally  from  1000  F  to  1200  F  and  seldom  exceed 
1500  F-  Therefore,  many  of  the  nrore  economical  calcium-aluminate  bonded  castables 
with  high  alumina  bodies  will  serve  for  furnace  type  tools  if  they  are  previously 
fired  to  tengieratures  that  will  develop  in  them  a  vitreous  bond.  Such  castables 
would  be  8D.1  and  71B>1*  Por  furnaceless  type  tools,  materials  25A.1  thru  25E.1 
should  be  used.  Refer  to  Pages  6  and  10. 

The  bill  of  material  should  list: 

1.  Name  and  amount  of  castable  and  water  or  binder  needed. 

2.  Kind  of  parting  agent  to  be  used  in  mold. 

3.  Name  and  amount  of  core  material  if  a  cap  type  tool  has  been  designed, 

4.  Number  and  type  of  handling  accessories, 

5.  Name  and  amount  of  mold  material. 

6.  Nximber  and  kind  of  mold  reinforcement  and  handling  accessories  required. 

7.  Kind  and  number  of  Part  locators. 

8.  Type  and  number  of  guides  to  be  used. 

General  notes  should  include: 

1.  Stencil  on  tool;  CERAMIC  TOOL  -  FRAGILE  -  HANDLE  WITH  CARE. 

2.  Stencil  on  tool;  DO  NOT  CLEAN  WITH  AIR. 

3.  Stencil  on  tool;  STCffiE  INDOORS. 

h.  Use  largest  practical  draft  and  nonfunctional  radii, 

5.  Master  model  number  is  . 

The  bill  of  material  will,  of  course,  also  list  those  items  which  are  normally 
required  to  con^ilete  any  tool  design. 

The  general  notes  will  include  engineering  part  references,  type  of  mold  to 
be  used,  method  to  be  used  for  part  location,  and  special  Instructions  or  pre¬ 
cautions  that  are  needed,  such  as  with  the  use  of  vibration. 


RECOMMENDATIONS 

« - — - 


The  applicable  recommendations  are  listed  In  the  Summary  on  Page  7» 


"STATE  OF  THE  ART"  SURVET 


Because  it  had  been  approximately  two  and  one-half  years  since  the  original 
"State  of  the  Art"  Survey  of  Phase  I,  and  since  it  was  known  that  some  outstanding 
developsffints  had  been  made  in  the  field  of  ceramic  tooling  by  other  coc^janies,  the 
Contractor  has  concluded  his  work  with  a  new  survey  (see  Exhibit  7,  Page  Ihl), 


TABLE  37  “  TOOL  FABRICATION,  HIASE  V  RERUNS 


CASTABLE 
AND  TOOL 

CASTING 

PROCEDURE 

PlECUff 

WATSi 

PARTING 

AGENT 

CURING 

raxiNG 

F2RIHG 

PROCEDURE 

REMARKS 

t}A,l 

hydroform 
block  pro¬ 
duction 
size 

cast  in  K-25 
plaster  mold 
vlth  internal 
vibration 

9.5 

Simonlz  vax 
and  peanut 
oil 

2h  hrs. 
under  vet 
burlap,  6 
days  150  F 

2  days  250F 

unflred 

Plastic  base  was 
applied . 

83.1 

by-iroform 
block  lab¬ 
oratory 
size 

cast  in  plas¬ 
tic  mold  with 
internal 
vibration 

9 

Simonlz  vax 
and  peanut 
oil 

18  hrs. 
under  wet 
bui'lap.  2 
days  150  F 

2  days  25QF 

300  F/hr  to 
2000  F 

250  F/hr 

2500  F-  cool 
in  furnace 

Very  smooth  surface 
on  block.  Plastic 
base  was  applied. 

hydroform 

block 

laboratory 

size 

Same 

9 

sstino 

same 

unfired 

Plastic  base  was 
applied . 

8d.1 

hydroform 

block 

laboratory 

size 

cast  in  plas¬ 
tic  mold  vith 
external 
vibration 

7.5 

Simonlz  vax 
and  peanut 
oil 

18  hrs.  at 
room  ten^), 

2  days  15(F 
2  days  25® 

300  F/hr  to 
2000  F 

250  F/hr  to 
2500  F  cool 
in  furnace 

Smooth  surface  as 
cast,  but  got  grainy 
when  fired.  Plastic 
base  applied. 

12E.1 

hydroform 

block 

laboratory 

size 

cast  in  epoxy 
plastic  mold 
vith  external 
vibration 

11 

peanut  oil 

2h  hrs. , 
under  wet 
burlap  2k- 
hrs.  at 

150  F  24- 
hrs.  at 

250  F 

unfired 

Two  tools  made.  Both 
had  plastic  bases 
applied. 
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TABLE  3T  (COHT'D) 


CASTABI£ 
AUD  TOOL 

CASTIHG 

PROCEDURE 

PERCENT 

UATTO 

PARTING 

AGENT 

cmiMG 

ORYISG 

FIRING 

PROCEDl®! 

REMARES 

25A.I 
draw  d5e 
rings  (three 
rings  cast) 

cast  in  IJo,  1 
pottery  plas¬ 
ter  break  up 
type  molds  k 
psLfts  grain 

6  parts  slip 

3 

none .  mold 
cavity 
sprayed 
with  water 
Just  before 
placement 

48  hrs, 
under  cover 
48  hrs.  at 
250  F 

fired  to 
vendor's 
apecifioation 
at  vendor's 
plant 

Rings  are  smooth,  but 
slightly  sandy.  Grain 
size  Is  very  fine  at 
surface.  One  ring 
was  cracked  and  re¬ 
paired,  two  others 
are  whole.  Plastic 
bases  applied. 

draw  die 
punch  (two 
punches 
cast) 

saii» 

3 

saioe 

same 

same 

Radius  of  each  tool 
is  in  good  condition. 
Some  flaws  in  casting 
sturface  out  of  part. 
Plastic  bases  applied 

ioSa.i 

hydrofora 

block 

laboratory 

size 

cast  in  plas¬ 
tic  with  ext. 
vib,  4  parts 
dry  6  parts 
wet 

3.5 

Simonlz  and 
rubber  base 
paint 

24  hrs. 
m.  teiQp. 

24  hrs. 

250  F 

200  F/hr. 
to  1000  F 

Several  casting 
atteniptB  failed  be¬ 
cause  of  parting 
agent  breakdown. 

Good  tool  cast  using 
rubber  base  paint. 

Pagt 


a  i' ,Vii(.r. ' 'J. 
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TABLE  37  (COOT'D) 


CASTABLE 
AHD  TOOL 

CASTIHG 

PROCEDURE 

PERCEHT 

WATER 

PARTI!Ki 

AGENT 

CURING 

mYISG 

PIRIBG 

PBOCEDIQIE 

REMARKS 

.108a.  1 

draw  die 
ring  (three 
rings  cast) 

cast  In  plas.. 
tie  mold  with 
Int,  vib. 

4  parts  dry 

6  parts  wet 

3.5 

saise 

same 

100  F/hr. 
to  600  F 

First  ring  broke  in 
removal  from  mold. 

Two  more  cast  for 
tool  evaluation. 
Plastic  bases  applied, 

draw  die 
punch  (two 
punches 
cast) 

same 

, 

3.5 

_ 

same 

same 

same 

Both  punches  are 
smooth  with  few 
bubbles.  Plastic 
bases  applied. 
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"ABLE  38  •*  ERELIMIMABY  HYDROFORM  BLOCK  EVALUATION,  PHASE  ¥  RERUNS 


BLOCK 

MATERIAL 


TOOL 

CONSTRUCTION 


ALLOT  AND 
FORMING 


cast  In  new  plastic 
Eioia  with  vibration « 
dried,  250  F.  epoxy 
plastic  base  appllec 

saute  tcx>I 


saaie  tool 


same  tool 


AISI  !4-20  Pressure  of  1250  psi  used  with  Kaowool  insulation.  Part 

.1350  F  stuck  on  block  euid  had  several  wrinkles  In  shrink  flange. 

Stretch  flange  not  formed  down. 


AISI  *f20  Pressure  of  15OO  psi  used  with  Kaowool  insulation.  Part 
1350  F  had  to  be  pried  off  block.  The  block  had  cracks  along 

each  side.  A  fragnffint  pulled  off  the  block  and  stuck  to 
the  part, 

AISI  420  Pressure  at  I7OO  psi  used  with  Kaowool  insulation.  Attempt 

1350  P  was  made  to  reheat  part  on  block  after  forming  for  easy 

removal  through  differential  expansion.  Ends  of  blank 
became  overheated  without  making  center  hot  enough  to 
release. 

AISI  420  Pressure  at  I7OO  psi  used  with  Kaowool  insulation.  A 

1350  F  piece  of  Refrasil  cloth  shaped  to  duplicate  blank  was 

placed  between  blank  and  block.  Part  was  easily  removed, 
cloth  was  pulverized,  and  no  further  damage  was  done  to 
block. 


5  12B.1  same  tool  AISI  420  Repeat  conditions  with  sasoe  results. 

1350  F 


6  12E.1  same  tool  AISI  420  Repeat  conditions  with  same  results.  Parts  4,  5>  and  6 

1350  F  averaged  O.03O  inches  wider  at  the  mold  line  than  ttie 

block.  The  block  must  be  made  smaller  to  compensate  for 
thickness  of  cloth  if  such  methods  are  to  be  used. 
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TABLE  39  HXDROFCEM  BLOCK  EVALUATION,  PHASE  7  RERUNS 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

CONSTRIXTTION 

1 

ALLOY  AND 
PCRMISG 
TSMPERATURi 

REMARKS 

1 

ioSa.i 

cast  In  new  plastic 
mold  with  vibration 
fired  at  1000  F 
epoxy  plastic  base 
applied 

AISI  420 
1300  F 

Pressure  of  1700  psi  used  with  Kaowool  insulation.  Flange 
wrinkled.  Forming  may  not  be  fast  enough. 

2 

io6a.i 

same  tool 

AISI  420 
1300  F 

Pressure  of  1700  psi  used  with  Kaowool  insulation.  Press 
speeded  up.  Blank  was  misaligned  and  made  shrink  fls.nge 

0.1  inches  long.  Fewer  wrinkles. 

3 

71B.1 

cast  in  new  plastic 
mold  with  vibration 
fired  at  1000  F 
epoxy  plastic  base 
applied 

AISI  420 
,  1300  F 

Pressure  of  1700  psi  used  with  Kaowool  Insulation.  Elec¬ 
trodes  drilled  to  slide  on  guide  pins  for  alignment. 

Blank  tore  in  two  at  each  end  of  block,  center  portion 
formed  with  very  few  wrinkles.  One  flange  l/l6  inch 
longer  than  other.  Some  wrinkles.  Insulation  forced 
jiround  and  under  flanges. 

4 

12S.1 

cast  in  new  plastic 
mold  with  vibration 
dried  only,  epoxy 
plastic  base 
applied 

A3BI  420 
.  1300  F 

Pressure  of  17OO  psi  used  with  Kaowool  insulation  cut  tn 
shape  of  blank.  Blank  was  offset  1/16  inch  to  compensate 
for  last  part,  and  formed  0.1  inch  off  the  other  way. 

Bid  not  tear.  Wrinkle  in  shrink  flange. 

5 

2QA.1 

cast  in  new  plastic 
iisold  with  vibration 
fired  at  1500  F 
epoxy  plastic  base 
aM»lled 

AISI  420 
.  1350  F 

Pressure  of  I7OO  psi  used  with  Kaowool  insulation  cut  to 
shape  of  blank.  Part  centered  on  block  with  few  wrinkles 
in  shrink  flange.  Block  broke  through  middle. 

UJ 

—j 
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TABLE  3: 


PART 
:  NUMBSK 

BLOCK 

KAIHRIAL 

TOOL 

COHBTRUCTIOIf 

AHOY  AID 
FORMOiG 
TEHPERATURi 

'  6 

! 

: 

1 

8B.1 

cast  in  new  plastic 
mold  with  vibration 
dried  only,  epoxy 
plastic  base 
applied 

AISI  420 
1350  F 

7 

7d£.l 

same  tool  as  part 

3  above 

AISI  410 
1350  F 

8 

7IB.I 

same  tool 

AISI  420 
1800  F 

Pressure  of  I7OO  psi  used  with  Kaowool  insulation  cut 
to  shape  of  blank.  Blank  was  centered  on  block  and  few 
wrinkles  fornied.  Blank  tore  off  at  one  end.  Block  broke 
with  crack  progressirig  from  inside  toward  outside  radius. 


Presiiure  of  1700  psi  used  with  Kaowool  insulation  cut  to 
shape  of  blank,  A  spacer  was  made  to  fit  around  existing 
pedestal  on  press  platen  to  more  completely  fill  rubber 
box  opening.  Holes  in  blank  electrodes  were  slotted  to 
allow  longitudinal  movement.  Shrink  flange  had  some 
wrinkles.  Block  unbroken. 

Pressure  of  170O  psi  used  with  Kaowool  Insulation  cut  to 
shape  of  blank.  Part  formed  slightly  off  center. 
Practically  no  wrinkles  were  formed.  Formed  part  very 
easily  removed  from  block  when  cooled.  Block  will  be 
located  with  tabs  to  keep  it  from  moving  for  the 
formablllty  evaluation. 


TABLE  ho  STRETCHPORM  BLOCK  EVALUATION,  PHASE  V  RERUNS 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

CONOTBUCTIOH 

AUm  AND 
FORMm 
TEMPERATlEi 

BmBKS 

1 

IHE.l 

cast  In  K“25 
plaster  mold  with 
vibration,  dried 
250  F.  epoxy 
plastic  base 
applied 

AISI  420 
1300  F 

Twenty "One  ton.  load  used.  Slight  wrinkling  occurred. 

Blank  temperature  rises  slowly  after  reaching  13OO  F. 

Jaws  retract  slowly  and  gradually  build  up  load. 

2 

12E.1 

same  tool 

AISI  420 
1300  F 

Eighteen-ton  load  used.  Same  results. 

3 

12E.1 

same  tool 

AISI  420 
1300  F 

Twelve-ton  load  used,  Saane  results  and  blank  necked 

down  in  center,  j 

4 

12E.1 

same  tool 

AISI  420 
1300  F 

1 

Twelve-ton  load  used.  Same  results.  Blank  necked  j 

down. 

5 

12E.1 

same  tool 

AISI  420 
1300  F 

Twelve-ton  load  used.  Same  results. 

6 

12E.1 

same  tool 

AISI  420 
1300  F 

Twelve-ton  load  used.  Blank  tapered  by  cutting  curve 
off  each  side  of  blank  one  inch  deep  in  middle.  Part 
wrinkled  and  tore  at  edge  near  end  of  part. 

M 


'age  373 


PAST 

NUFIBER 

BLOCK 

MATERIAL 

TOOL 

COSSTEOCnOH 

7 

12E.1 

same  tool 

AISI  420 
1300  F 

8 

12E.1 

same  tool 

AISI  420 
1300  P 

9 

12E.1 

same  tool 

AISI  420 
1300  F 

10 

12E.1 

same  tool 

1 

AISI  420 
1300  F 

11 

12E.1 

1 

same  tool 

i 

AISI  420 
1300  F 

12 


12E.1 


same  tool 


AISI  420 
1300  F 


REKABKB 


(!) 

tAl 
— J 
■p" 


Thirteen-ton  load  used.  Wrap  forming  with  b,lank  under 
tension  and  tried  hot,  but  blank  wrinkled  and  tore. 

Twelve-ton  load  used  with  talc  dusted  on  block  as  a 
lubricant.  Straight  pull  used.  Better  part  formed  with 
few  wrinkles, 

Tvelve-ton  load  used  with  talc.  Blank  tapered  as  with 
Part  6,  very  few  wrinld.es  formed.  Blank  tore. 

Eighteen-ton  load  used,  with  talc.  Jaw  pull  cylinders 
actuated  as  rapidly  as  possible  for  sudden  pull.  Stopped 
at  above  load.  Three  small  wrinkles  were  formed. 

Eighteen-ton  load  used,  with  talc.  Full  Jaw  travel 
accoi!g)liBhed  in  three  strokes  with  intermediate  beating. 
Wrinkles  formed  across  face  of  part. 

Eighteen-ton  load  used,  with  tale.  The  pressure  of  the 
press  was  set  to  150,000  psi  to  make  movement  faster. 
Forming  action  was  stopped  when  load  built  up  to  that 
given  above.  This  sudden  pull  techniq.ue  resulted  in 
three  small  wrinkles.  This  practice  was  used  for 
balance  of  atretchform  trials. 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

C0H3TSUCTI0H 

ALLOY  AND 
FGRMI!^ 
TEMPERATIKE 

. 

13 

12E.1 

same  tool 

Aiai  420 
1300  F 

14 

12E.1 

same  tool 

AISI  420 
1300  F 

15 

12E,1 

same  tool 

. 

AISI  420 
1300  F 

l6 

12E.1 

same  tool 

AISI  420 
1300  F 

17 


12E.1 


same  tool 


AISI  420 
1300  F 


Load  stopped  at  10  tons,  talc  used.  Sudden 
pull,  three  small  vrlnklee. 


Load  stopped  at  10  tons,  talc  used.  Three-stage 
forming  as  with  Part  II,  Ho  wrinkles,  hut  not 
completely  formed  at  top. 


Load  stopped  at  35  tons,  talc  used.  The  block  was 
tilted  forward  two  inches  at  the  top  and  braced  under 
■mcuiam  chuck  to  make  blank  pull  equally  at  top  and 
bottom.  Part  not  farmed  at  top  of  part,  but  no 
wrinkles. 


Load  stopped  at  19  tons,  talc  used.  No  wrinkles,  good 
part  except  for  Incomplete  forming  at  top. 


Load  stopped  at  22  tons,  talc  used.  Blank  pulled 
out  of  Jaws  because  not  adequately  tightened. 

Few  wrinkles,  but  still  not  completely  formed 
at  top. 


(COHT'D) 


REMARKS 


Load  stopped  at  21  tons,  talc  used.  Block  tilted 
out  three  inches  at  top  and  rebraced.  Power 
was  cut  at  contact  with  block  to  eq.uall:se  cooling 
rate.  Wrinkles  on  left  side  (see  photofepraphs , 
Figures  219  thru  223). 


Load  stopped  at  32  tons,  talc  used.  Blank  tapered 
as  with  Part  6.  Power  cut  too  soon.  Blank 
cooled  before  forming.  Did  not  form  to  top  and 
wrinkles,  left  side. 


Load  stopped  at  20  tons,  talc  used.  Blank 
tapered,  power  cut  at  contact.  Block  still  set  out 
three  inches  at  top.  Good  part,  no  wrinkles. 


Load  stopped  at  21  tons,  talc  used.  Tapered  blank, 
block  tilted  out  three  and  one-half  Inches  at  top. 
Power  cut  at  contact.  Slight  wrinkles,  left 
side* 


Load  stopped  at  22  tons,  talc  used.  Blank  18  inches 
longer,  same  width.  Power  cut  at  contact,  wrinkled 
on  left  side.  Cooled  off  of  block. 


TABLE  1+0  (C0OT*D) 


PART 

mJMBER 

23 


BLOCK 

MATERIAL 

TOOL 

CC^ISTRUCTZON 

BSSliaStftVhiirtl 

1 

^  REMARKS 

L2B.1 

san^  tool 

AISI  420 
1300  F 

1 

Load  stopped  at  23  tons,  talc  used.  Long  blaiik. 
Power  cut  at  contact.  Wrinkled  out  of  part.  Did 
not  form  down  at  top.  Cooled  on  block. 

cast  In  plastic 
mold  with  external 
vibration. 

AISl  k20 
1300  F 

same  tool 

AISI  k20 
1300  F 

same  tool 

AISI  420 
1500  F 

same  tool 

AISI  420 
1500  P 

same  tool 

AISI  420 
1500  F 

oast  in  No.  1 
pottery  piaster 
break  up  mold 
with  internal 
vibration 

AISI  420 
1500  F 

Single  stroke  fcjrmed  blank  only  to  radius  depth, 
punch  broke  through  blank  at  radius..  Ten  psl  used 
on  draw  ring,  no  lubricant  used. 

Several  strokes  limited  in  moveiaent  used  with 
intermediate  heating.  Ten  pel  draw  ring  pressure  used 
and  talc  used  for  lubricant.  Some  wrinkles  formed  in 
damp  area.  Punch  tore  part  at  3/*+  inch  depth.  I 

Same  conditions  as  Part  2  with  similar  results,  | 

i 

\ 

Same  condition  as  Part  2  with  5  psi  on  draw  ring,  | 

few  more  wrinkleB.  Talc  liberally  applied  to  tool.  I 

Rapid  movement  of  punch  to  fixed  stops  preset  to 
allow  l/k  to  3/8  Inch  advances.  Five  psi  used  on 
draw  ring,  and  1000  psi  on  punch.  Part  wrinkled  and 
draw  ring  cracked  radially. 

Five  psl  draw  ring  pressure,  1000  psi  punch  pressure. 

Part  broke  on  second  of  progressive  strokes.  Fixed 
stops  used.  Talc  lubricant  used. 


Hit, 


TABLE  41  (CONT'D) 


PART 

HfUMHER 

BLOCK 

KAIIIRIAL 

TOOL 

COKRTBUCTIQS 

REMARKS 

7 

25A,1 

tsame  tool 

AISI  420 
1500  F 

Same  conditions  used.  The  die  ring  cracked  radially 
and  the  punch  crumbled  on  radius.  Tale  used  as 
lubricant. 

8 

25A.L 

same  tool 

AISI  420 
1300  F 

Same  conditions,  but  silicone  grease  lubricant  used. 
Progressive  strokes  were  used  and  15OC?  F  for  last 
stroke.  Die  ring  brok€!  radially  into  four  pieces. 

Punch  stuck  in  part. 

9 

io8a,i 

oast  in  epoxy 
plastic  moia 
with  external 
vibration 

MSI  420 
1500  F 

Successive  strokes  were  made  with  gradually  increasing 
ring  pressure  to  Iron  out  wrinkles.  Silicone  grease 
was  used  for  lubricant.  Part  broke  through  on  fifth 
stroke.  Punch  crumbled  on  radius  and  draw  ring  cracked 
radially  in  one  place. 

10 

20A.1 

same  tool  as 

Part  Ho,  1 

AISI  420 
1500  F 

Ten  psi  draw  ring  pressure  used,  with  talc  lubricant. 

Part  broke  through  on  second  stroke. 

11 

2QA.1 

same  tool 

AISI  420 
1500  F 

Same  conditions  with  silicone  lubricant.  Part  broke 
through  on  second  stroke  at  a  depth  of  5/8  inch. 

12 

2QA.1 

same  tool 

AISI  420 
1700  F 

Same  conditions.  Part  drawn  to  one  inch  depth  with 
several  strokes.  Die  ring  broke  radially,  and  punch 
radius  was  worn.  Wrinkling  occurred..  Silicone  grease 
lubricant  used. 

Fa  ,3 
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TABLE  i^I  (COHT’D) 


PART 

NUMBQt 

BLOCK 

MATTOIAL 

TOOL 

COIETROCTIOH 

ALLOT  AHD 
FCBMUIO 

- 1 

REMARKS  1 

J 

13 

108A.1 

BansB  tool  as  used 
for  Part  No.  9 

AISI  li20 
1500  P 

1 

Five  psi  draw  ring  pressure  used  vith  talc 
lubricant.  Part  broke  through  on  third  stroke. 

Punch  radius  showed  failure  and  die  ring  cracked 
on  outside. 

1 

1 

. 
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TABLE  J+2  IIVLROFCKM  BLOCK,  FORMABILITX  EVALUATION,  LA^B(BATORY  SIZE 


PART 

NUMm 

BIOCK 

MATERIAL 

TOOL 

COIKTROCTIOII 

1^ 

RE3IARKS 

1 

108A,1 

cast  in  new 
plastic  mold 
vlth  vibration, 
fired  to  1000  P 
epoxy  plastic 
base  applied. 

B»120-VCA 
400  F 

Pressm'e  of  1700  psi  used  with  Kaowool  Insulation  cut 
to  shape  of  blank.  Block  located  with  tabs.  Spring - 
back  of  metal  left  flanges  formed  to  45°  only. 

Wrinkles  were  fornKd  in  shrink  flange. 

2 

i.o8a.i 

same  tool 

PHl5"7to 
1050  F 

Same  forming  conditions.  Flanges  did  not  form 
completely.  Wrinkles  formed  in  shrink  flange. 

3 

106a.1 

same  tool 

HM-21"A 

660  F 

Blank  burned  in  two  on  initial  heat  up  at  the 
location  of  one  of  the  two  pin  holes  in  the  blank. 

k 

108a.1 

same  tool 

HM-21-A 

650  F 

Same  conditions  of  pressxire,  insulation  and  block 
location  as  with  Part  #1.  Blank  centered  on  block. 

Two  small  wrinlcles  in  shrink  flange.  Stretch 
flange  formed  all  the  way  down. 

5 

io6a.i 

same  tool 

VascoJet 

1000 

1450  F 

Same  forming  conditions.  Blank  centered  on  block. 
Stretch  flange  formed  good,  shrink  flange  wrinkled. 

6 

ioSa.i 

same  tool 

N-’155 

1500  F 

Same  forming  conditions.  Stretch  flange  formed 
coinpletely,  shrink  flange  wrinkled.  Flanges  same 
length . 

7 

loeA.i 

sane  tool 

Rene'  4l 
1950  F 

Same  forming  conditions.  Shrink  flange  not  formed 
down  and  was  wrinkled,  stretch  flange  not  formed 
down  either.  About  50^  springback  at  ends  of  block. 
Block  has  hairline  cracks  on  uop  surface. 

1^  W’Jfc 


't£^ 


1 


TABLE  kZ  (COHT’D) 


PART 

HUMBER 

B1X>CK 

MATERIAL 

TOOL 

COBSTRUCnOH 

] 

B3Simm  1 

1 

8 

s.aine  tool 

HS»25 

2000  F 

Same  forming  conditions »  Part  formed  slightly  off 
center.  Considerable  sprlngback  and  shrink  flange 
wrinkled.  Block  broken.  The  ends  of  block  broke 
vertically  at  intersection  of  top  surface  and  sloping 
ends. 

9 

8b.1 

cast  in  new 
plastic  mold 
with  vltratioa. 
fired  at  2500  P 
epoxy  plastic 
base  applied 

B-120=VCA 
room  ten®” 
eratijre 

Pressure  at  1700  psl  used  without  insulation.  Block 
located  with  tabs.  Flanges  formed  down  only  30 
degrees  because  of  sprlngback  .  Some  wrinkles  in 
shrink  flange. 

10 

8b.1 

same  tool 

PH15-7MO 
room  teag?- 
erature 

Same  forming  conditions.  Flanges  not  formed  down. 

Shrink  flange  wrinkled. 

11 

8b.1 

same  tool 

HK-21-A 
room  ten®)- 
eratura 

Same  forining  conditions.  Flanges  not  formed 
coinpletely.  Shrink  flange  wrinkled  and  cracked  at 
ends,  stretch  flange  cracked  at  middle  and  ends. 

Ends  of  blank  tore  off  at  end  of  block. 

12 

8B.1 

same  tool 

VaecoJet 

1000 

room  temp- 
eratiire 

Same  forining  conditions.  Flanges  not  formed  down  and 
shrink  flange  wrinkled.  Surface  coating  on  metal 
flaked  off  at  bends. 
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TABI£  42  (CONT'D) 


PART 

NUMBER 

BliOCK 

MATERIAL 

TOBL 

COSSTEUCnC® 

ALLOX  AID 
FORHINQ 
TEMPSEIATUEI 

BEMAHSB 

13 

6B.1 

saae  tool 

N-^155 

room 

^0£I£j^  • 

Same  forming  conditions.  Flanges  not  formed  down 
and  shrink  flange  wrinkled.  Vertical  hairline 
cracks  in  block  at  center  on  shrink  flange  side. 

14 

8b.1 

same  tool 

Rene*  4l 

room 

temp. 

Same  forming  conditions.  Flanges  not  formed  down 
and  shrink  flange  wrinkled.  Crack  slightly  wider. 

15 

8b.1 

same  tool 

HS-25 

room 

temp. 

Same  forming  conditions.  Flanges  not  formed  down  and 
shrink  flange  wrinkled.  Crack  propagated  from  shrink 
flange  side  across  top  of  block  to  stretch  flange 
side.  Plastic  base  not  cracked. 

l6 

12E.1 

oast  in  new 
plastic  mold 
with  vibration, 
dried  at  250  F 
epoxy  plastic 
base  applied 

HM-21-A 

650  F 

Pressui’e  of  1700  psl  used  with  Kaowool  insulation 
cut  to  shape  of  blank.  Blank  electrodes  slotted 
for  guide  pins  and  longer  flexible  leads  used. 

Blank  centered  on  block.  Shrink  flange  wrinkled 
very  little. 

17 

12E.1 

same  tool 

B-120-VCA 
1700  F 

Same  forming  conditions.  Blank  centered  on 
block.  Shrink  flange  had  four  large  wrinkles. 

18 

12E.1 

same  tool 

B-IBO-VCA 

Same  forming  conditions.  Same  except  only  three 
small  wrinkles  on  shrink  flange. 

C.J 

CD 


1 


TABLE  4?.  (CONT'D) 


PAHT 

NUMBER 

BLCXIK 

MATERIAL 

TOOL 

COSSTBOCnOH 

ALLOY  AND 
FCRHUa 
TlMPERATt^ 

HEMARES  1 

19 

12E,I 

same  tool 

PH15»7Mo 
1800  F 

'  ■■  ■  . . . . .  ' 

Same  forming  conditions.  Blank  centered  on  block. 

Three  small  wrinkles  in  shrink  flange. 

20 

12E,1 

saune  tool 

VascoJet 

1000 

1800  P 

Same  forming  conditions.  Three  email  wrinkles  on 
shrink  flange.  Block  broken.  Cracks  occurred 
across  sloped  end  and  top.  Plastic  base  to  ceramic 
bond  failed , 

21 

713.1 

cast  in  new 
plastic  mold 
with  vibration, 
fired  at  1000  F 
epoxy  plastic 
base  applied 

Rene’  4l 
1950  P 

Sime  forming  conditions.  Three  large  wrinkles  in 
shrink  flange.  Considerable  springback  where  ends 
of  blank  form  over  ends  of  block. 

22 

TlB.l*-! 

same  tool 

N-155 

20C0  F 

Same  forming  conditions.  Four  wrinkles  in  shrink 
flange.  Top  face  on  one  end  of  block  crumbled 
and  came  off. 

23 

713.1-2 

different  tool 
same  material 
same  treatment 

AISI  420 

room 

temp. 

Same  forming  conditions.  Three  large  wrinkles  on 
shrink  flange.  Considerable  springback. 

24 

713.1-2 

same  tool 

AISI  420 
1900  F 

Same  forming  conditions.  Four  small  wrinkles  in 
shrink  flange.  Flanges  formed  down  good.  Block 
crumbled  on  one  end. 

25 

713.1-2 

same  tool 

HS-25 

2000  F 

Same  forming  conditions.  Three  small  wrinkles  in 
shrink  flange.  Some  springback. 
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TABIi:  k2  (COHT’D) 


PART 

NUMBER 

BLOCK 

MATERIAL 

TOOL 

CON3TR1K3TION 

[^§1 

REMARKS 

26 

8D.1 

cast  in  new 
plaetic  moM  with 
vibration,  fired 
at  2500  F  Fxirane 
tooling  plan tic 
base  applied 

AISI  h20 
2000  F 

Same  forming  conditions .  Flanges  formed  down  good. 

Three  small  wrinkles  in  shrink  flange.  PLastlc  base 
used  here  was  more  rigid,  70-80  durometer.  Block 
unbroken. 

27 

8d.1 

same  tool 

AISI  420 
1300  F 

Pressure  of  2000  psi  used  with  Kaowool  insulation  cut 
to  shape  of  block.  Several  wrinkles  in  shrink  flange. 

28 

8d.1 

same  tool 

AISI  420 
room 
^Ginp  • 

Pressure  of  I7OO  psi  used  without  insulation.  Approxi¬ 
mately  10°  sprlngback  occurred.  Shrink  flange  wrinkled; 
stretch  flange  did  not  form  completely  down. 

29 

8d.1 

same  tool 

AISI  420 

room 

temp. 

Pressure  of  2000  psi  used  without  lnsulati<3n»  Lake 

Erie  5000-ton  hydropress  used  with  blank  resting  on 
block.  Ends  of  blank  supported  on  blocks  of  rubber. 

Three  wrinkles,  about  5°  springback  on  either  flange. 

30 

8D.1 

same  tool 

AISI  420 

room 

temp. 

Same  forming  conditions  and  results.  Block,  left  In 
press  without  blanks,  broke  on  fifth  cycle. 

VI 
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TABLE  HHROFORM  BLOCK,  FCKMABILITX  EVAUJATION,  IRODUCTIOi^  SIZE 


PART 

RUMBTO 

BLOCK 

MA-miAL 

TOOL 

COlKffiUCTIOH 

RmHKS  1 

1 

aoA.i 

cast  in  K-25 
plaster  mold 
vith  vibration, 
dried,  only,  at 

250  F.  apoxy 
plastic  base 
applied 

AISI  420 
1750  F 

Presaure  of  2000  psi  used  with  Kaowool  insulation  1 

covering  entire  surface  of  metal  to  be  touched  by 
trapped  rubber  head.  This  part  run  to  check  press 
set  up.  Acceptable  part  vae  made. 

2 

same  tool 

HM-21.-A 

Same  forming  conditions  used  with  2000  psi.  Part  split 
along  several  radii.  Metal  q,uenched  out  before  forming. 

3 

same  tool 

B-120-VCA 
1700  F 

Some  forming  conditions  used  with  2000  psi .  Part  formed 
good.  Block  began  showing  wear  on  outside  radii. 

4 

20A,1 

mm  tool 

PH15-7MO 
1650  F 

Same  forming  conditions  used  with  235O  psi.  Pai't  foriced 
to  block  very  good. 

5 

20A.1 

same  tool 

VascoJet 

1000 

1700  F 

Same  forming  conditions  used  with  2000  pel.  Block  radius 
failure  continues,  part  formed  into  block  grooves  goc>d. 

6 

same  tool 

Rene*  4l 
IBOO  F 

Same  formir^  coadltions  used  with  2000  psi.  Part 
fonned  to  block  good. 

7 

2QA.1 

san^  tool 

H-155 

2000  F 

Same  forming  conditions  used  with  2000  psi.  Part  formed 
to  tool  even  to  conforming  to  voids  caused  by  loss  of 
particles  from  radii. 

8 

2QA,1 

same  tool 

HS-25 

2000  F 

Same  forming  conditions  used  with  2000  psi.  Part  formed 
to  tool  showing  voids  in  radius.  Tool  surface  reached  a 
temperature  of  220  P.  The  plastic  base  softened  and, 
during  removal  of  form  block  from  press,  came  loose.  i 

Fig.  177  laboratory  size  hydroiorm  block  in  plastic 
puddle. 


Laboratory  size  71B.1  hydroform  block  and 
AISI  1^20  formed  parts. 


Laboratory  size  hydroform  block  in  place 
on  press  platen. 


cn  block  after  forming 
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Page  397 


Protective  cereunlc  flter  bat 
on  blank  in  5000- ton  press. 


Fig.  19T  Trapped  rubber  head  closing  on  heated 
blank. 


1 

1  1 

.  1 

i;' 
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Fig.  200  Production  size  5A.1  hydroform  block  and 
AISI  420  part. 


Fig«  201  Production  size  12E.1  hydroform  block  and 
AISI  420  part. 


RF  6500-1 


Fig.  202  Production  size  20B.1  hydroform  block  and 
AISI  420  part. 


RF  6500-9 


Fig.  203 


Production  size  2QA.1  hyxiroform  block 
(dried  only)  and  AISI  420  peort. 


Production  size  12E.1  hydroform  1)1001;  after 
durability  test  of  forming  10  AI31  420 
parts.  Indicated  area  is  shown  enlarged 
in  Figure  206. 


Another  view  of  the  dansaged  li'JE.l  stretch' 
form  block  shovn  in  Fi^re  207. 


■Jc-liOi  '  'ine  over  pij-vood  strips  to  form  dam 
for  casting  plastic  base  on  pi'oduction  size 
Gtretchform  block. 


12E.1  stretcliform  'block  resting  on  spacers 
in  plastic  puddle. 


RF  6^00-8 


Triuirsed  plastic  base  on  stretch 
form  block. 


Heated  AI3I  1*20  blank, 
wrapped  around  stretchfo; 


221^  Magnesium  draw  ring  model 


Loh  model  and  ceramic  punch 


Magnesiuo; 


"Break-up"  type  pottery  plaster  draw  ring 
mold  with,  outside  portion  rei.ioved. 


Page 


RF  5936-1 


Fig.  236  2jA.l  punch  with  plaster  "trean-up"  nold 
removed . 


draw  die  punch. 


RF  649y-I 


V 


Epoxy  piact-ic  after  flowinc  under  draw 
ring  to  forn  flat  "base. 


... 

“  *■ 

chu 

C..S  for  attaching  c 

eraniic 

to  ex: 

periMntal  press. 
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RF  6749-2 


Fig.  242 


Typical  failure  of  AISI  420  drawn  part. 
Refer  to  Table  41,  Page  378. 


cyclic  forming. 


Typical  failed  ceramic  draw  ring,  25A.1 
shown. 


failed  ceramic  punch 
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Fig.  g^6  Therraocouple  location  on  AISI  h20  formed 
part  for  stress  relief  fixture  evaluation 


Ceramic  draw  heat  treat  fixture 
250*1  and  25E.1)  in  open  position 


I 

r 


I 


RF  66Qj-8 


'56  lOoA.l  draw  die  punches 


Fls«  g'^7  108a.1  draw  ring 


Fig.  2>8  106A.1  punch  and  draw  ring  (after  firing) 


Fig.  259  20A.1  draw  die  punches 


RF  6499 


3  23A.1  draw  ring 


r 

^  c 

j,  S'j4  f?'j. 

r'i  • 

1  draw  ring 

• 

close-up  view  of  damaged  area  of  2QA,1 
block. 


EXHIBIT  7 

"STATE  OF  THE  /uHT"  SUHVEY 
(us  of  December  I96O) 
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liTTRODUCTION 


At  the  time  organization  of  this  final  report  was  beg^Jii,  It  occurred  to 
the  Contractor  that  another  "state  of  the  art"  survey  sSiOuld  be  Eiade.  Con¬ 
siderable  ceraj.iic  tooling  development  is  knowri  to  have  progressed  at  other 
coii^Janies  since  the  original  survey  reported  in  Phase  I.  It  has  been  approx! - 
raatcly  two  and  one-half  years  since  this  original  survey. 


PROCEDURE  AHD  RESULTS 


The  recent  survey  was  conducted  solely  by  letter,  a  copy  of  which  is  pre¬ 
sented  as  Exhibit  7A.  A  list  of  recipients  and  the  results  are  tabulated  in 
Table  1,  Page  4I+3.  In  some  instances  the  reply  simply  indicated  that  there 
was  nothing  new  to  report;  tliat  is,  nothing  that  the  Contractor  was  not 
already  aware  of.  In  the  follo'wing  discussions  by  company,  the  Contractor,  in 
some  instances,  found  it  necessary  to  report  his  general  knowledge  of  develop¬ 
ments  without  tangible  back-up  information. 

Avco  I^lanufacturlng  Corporation,  Nashville,  Tennessee 

This  company  is  known  to  have  done  seme-  extensive  aevelopmenm  for  brazing. 
A  description  of  this  tooling  rray  be  found  in  Reference  33  (see  Page  47>). 

Boeing  Airplane  Company,  Aero-Space  Division,  Seattle  24,  Washington 

Boeing  provided  the  Contractor  with  a  46-page  report,  Reference 
covering  "Ceraiulcs  for  Spacecraft"  which  included  ceramic  tooling  developments. 
In  their  letter  of  reply  they  suggested  which  pages  would  be  applicable  to  the 
survey.  Figures  1  through  6,  Pages  449  tiirough  ^54^  are  applicable  photographs 

and  captions. 

Convair,  Fort  Worth  Texas 

Convair  has  developed  what  they  term  a  modified  conception  of  the  brazing 
approach.  This  concept  employs  cerai.dc  platens  in  conjunction  with  stainless 
steel  pressure  diaphragms.  They  have  been  successful  in  brazing  B-58  panels 
without  welding  them  In  an  envelope.  This  is  accomplished  by  utilizing  a  metal 
picture  frame  around  the  panel  and  flowing  argon  internally  with  a  positive 
pressure  smaller  than  that  on  the  diapirragin.  lore  details  on  this  tooling  juay 
be  found  in  Reference  33*  Figures  7  tr-rough  11,  Pages  tyj  through  459  further 
illustrate  Convair 's  contribution  to  cerairmic  tooling  development.  (Reference, 
"GLaBrock"  natsriaks  have  been  reported  as  Code  Numbers  25A.1  through  SpE.i.) 
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EXHIBIT  7 


I^ekheeA,  Georgia  Division,  Marietta,  Georgia 

As  a  part  of  the  B-70  Pi'og.-airi,  thJ  s  Coapany  developed  the  brazing  con¬ 
cept  Illustrated  by  Figure  12,  Page  460,  In  this  fig\ire,  the  operator  is 
shovn  checking  the  relationship  between  the  top  oi"  the  envelope,  which 
contains  the  panel  to  be  brazed,  and  the  braze  box  flange.  When  the  similar 
top  portion  of  the  tool  is  positioned  it  rests  on  this  flange  to  carry  its 
weight  and  to  maintain  the  proper  clearance.  Figures  13  through  17  are 
variations  of  this  type  tooling.  Figure  18,  Page  466  shows  one  of  the  large 
castings  (at  Glasrock  Products,  Incorporated,  Atlanta,  Georgia),  Figure  19, 
Page  46?  is  B-70  tooling  just  before  the  B-70  contract  cancellation,  December 

1959. 

North  American  Aviation,  Incorporated,  Los  Angeles,  California 

This  Company,  being  the  prime  B-70  contractor,  has  done  extemilve 
ceramic  tooling  development.  By  the  use  of  "Glasrock"  foam  block  and  cement 
they  have  developed  electric  blanket  braze  fixtures  which  permit  all  thermal 
treatments  of  PH15-7MO  to  be  performed  consecutively  without  moving  the  panel. 
Reference  33  describes  the  process  In  narrative  and  with  pictures. 

Republic  Aviation  Corporation,  Farmingdale,  Long  Island,  New  York 

Figures  20  through  23,  Pages  468  through  471  depict,  in  general,  some 
of  the  tooling  applications  where  Republic  Aviation  Corporation  has  made  use 
of  ceramic  materials. 
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Aerojet  -  General  Corporation 
6332  N.  Ii*vindale  Avenue 
Azusa,  California 
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Aeroaca  Aircraft  Conxpany 
Kiddletown,  OMo 


Allison  Division 

General  Motors  Corporation 
P.O.  Box  894 
Indianapolis  6,  Indiana 


Avco  Manufacturing  Corporation 
iTanhville  Division 
Kushville  1,  Tennessee 


Beech  Aircraft  Corporation 
Wichita  1,  Itonsas 


Bell  Aircraft  Corporation 
P.O.  Box  1 
Buffalo  5,  I-Ieu  York 


Bell  Aircraft  Corporation 

P.O.  Box  482 
Fort  Worth  1,  Texas 


Bendlx  Products  Di’.'lsion 

Bend in  Aviation  Corporation 
401  Bendix  Drive 
South  Bend,  Indiana 


Boeing  Airplane  Company 
P.O.  Box  3707 
Seattle  24,  Washington 
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SURVEY  LETTER 


Boeing  Airplane  Corapany 
Wichita  Division 
Wichita,  Kansas 


Cessna  Aircraft  Con3)any 
Wichita,  Kansas 


Chance  Vou^t  Aircraft,  Inc. 
P.O.  BOX  5907 
Dallas,  Texas 


USI  Clearing 

Division  of  U.S.  Industries,  Inc. 
Aircraft  -  Missile  Division 
6160  South  Boyle  Avenue 
Los  Angeles  58,  California 


Convair  -  Division  of  General 
Dynaird.cs  Corporation 
San  Diego  12,  California 


Convair  -  Division  of  General  Dynamics  Corp 
P.O.  Box  1011 
Pomona,  California 


Convair  -  Division  of  General  Dynamics  Corp 
Fort  Worth,  Texas 


Curtis -Wright  Corporation 
Wood-Ridge,  New  Jersey 


Curtis-Wrlght  Corporation 
Propeller  Division 
Fairfield  Road 
Caldwell,  New  Jersey 
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Douglas  Aircraft  Coi^any,  Inc, 

3CK)  Green  Park  Blvd. 

Santa  Monica,  California 

1 

1 

1 

X 

1 

DouglSiS  Aircraft  Company,  Inc. 

3855  Lakewood  Blvd, 

Long  Beach  8,  California 

X 

1 

1 

1 

1 

Douglas  Aircraft  Cotrepany,  Inc, 

El  Segundo,  California 

X 

1 

■ 

1 

Douglas  Aircraft  Company,  Inc. 

20(X)  N.  Memorial  Drive 

Tulsa,  Oklahoma 

X 

1 

1 

1 

1 

Fairchild  Aircraft  Division 

Fairchild  Engine  &  Airplane  Corp. 

Hagerstown,  Maryland 

X 

1 

1 

1 

1 

General  Electric  Conpany 

Cincinnati  15,  Ohio 

X 

■ 

■ 

■ 

1 

General  Electric  Corporation 

Aero  -  Science  Lab. 

Philadelphia  2k,  Pa. 

1 

1 

X 

1 

1 

Grumman  Aircraft  Engineering  Corp. 

Bethpage,  Long  Island,  Hew  York 

X 

1 

1 

1 

Hughes  Tool  Coiapany 

Aircraft  Division 

Florence  Avenue  at  Teale  Street 

Culver  City,  California 

X 

1 

1 

1 
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I.T.E.  Circuit  Bi-eaker  Conipany 
645  Erie  Avenue 
Philadelphia^  Penn. 


Kaiser  Metal  Products,  Inc. 
Briston,  Pennsylvania 


Lockheed  Aircraft  Corporation 
P.O.  Box  511 
Burhank,  California 


Lockheed  Aircraft  Corporation 

Missiles  and  Space  Division 
Sunnyvale,  California 


Lockheed  Aircraft  Corporation  (Contractor) 
Georgia  Division 
Marietta,  Georgia 


Lycooiing  Division 

Avco  Manufacturing  Corporation 
Stratford,  Connecticut 


The  Martin  Con^sany 

Baltimore  3/  Maryland 


klarq^uardt  Aircraft  Con^sany 
16555  Saticoy  Street 
Van  Nuys,  California 


Marq^uardt  Aircraft  Con5)any 
Box  670 
Ogden,  Utah 


North  American  Aviation,  Inc. 
Iniarnatlonal  Airport 
Los  Angeles  45,  California 


North  American  Aviation,  Inc. 
Columhus  Division 
4300  E.  Fifth  Avenue 
Columhus  16,  Ohio 


Northrop  Corporation 

1001  East  Broadway 
Hawthorne,  California 


Pratt  &  Whitney  Aircraft  Division 
United  Aircraft  Corp. 

United,  Florida 


‘Radioplane  Congpany 

8000  Woodley  Avenue 
Van  Nuys,  California 


Republic  Aviation  Corporation 

Farmingdale,  Long  Island,  Nev  York 


Rocketdyne 

Division  of  North  American  Aviation,  Inc. 
6633  Conoga  Avenue 
Aonoga  Park,  California 


Rocketdyne 

Division  of  North  American  Aviation,  Inc. 
Neosho,  Missouri 


Bohr  Aircraft  Corporation 
P.O.  Box  878 
Chula  Vista,  California 
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Rohr  Aircraft  Corporatioa 
P.O.  Box  643 
Riverside,  California 


Ryan  Aeronautical  Company 
2701  Harbor  Drive 
San  Diego  12,  California 


Solar  Aircraft  Coirpany 

San  Diego  12,  California 


Solar  Aircraft  Company 
1900  Bell  Avenue 
Des  Moines,  Iowa 


Temco  Aircraft  Corpoi^a'tlon 
P.O.  Box  6191 
Dallas,  Texas 


Temco  Aircraft  Corporation 
P.O.  Box  397 
Garland,  Texas 


Thompson  Products,  Inc. 
23555  Euclid  Avenue 
Cleveland  I7,  Ohio 


Twin  Coach  Con^any 

Aircraft  &  Missile  Division 
Buffalo  25,  N.  Y. 


Vertol  Division 

Boeing  Airplane  Company 
Morton,  Penn. 


Westinghouse  Electric  Corp. 
Air  Arm  Division 
P.O.  Box  7^^^ 

Mltlraore  3;  Md» 
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CERAMIC  WELDIIK;  TRAILING  SHIELD  CLA:«Tn3  TO  WELDING  CUP  ^ 

p 

cn 

Inert  gas  flows  through  the  porous  ceramic  (center)  protecting  the  weldment  from  contamination.  The  porous 
ceramic  Is  cut  from  a  standard  insulating  firebrick  then  coated  with  a  gas-tight  sealing  material.  ^ 

\o 


BOEING  -  Seattle 


CERAJ-lIC  BACK-UP  BLOCK  IBED  TO  PROVIDE  THERMAL 
INSULATION  IN  TORCH  BRAZING  FIXTURE 


The  Insulating  block  was  machined  from  American  Lava  Company’s 


BCEIKG  -  Seattle 


POTABLE  POROUS  CERAMIC  RADIAJfT  lURiaCE 
FOR  STRESS  RELIEVING  WEIDMENT 


n 


'Thp  ■hiirnef  imn  fabricated  from  Bermeable  Insulatinc  firebrick  xiifM 


CfO  C  ■■+  "f  rt’Vi+‘  es  1 
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BOEniG  -  Seattle 


PORTABLE  POROUS  FURNACE 


Porous  ceramic  protects  man's  hand  from  2200  F  temperature  In 
radiant  furnace.  This  is  the  same  furnace  shown  In  Figure  3* 


CERAMIC  FIXTURE  FOR  HIA2ING  HONEYCOMB  PAIlEIiJ 

The  ten  knife  edges  lie  in  a  true  plane  £  0.001.  The  conventional  outer  retort  Is  eii!r.inated  by  the  cerainlc 
fixtures.  These  reference  platens  for  furnace  brazing  of  stainless  steel  honeycomb  panels  were  cast  from 
fused  (quartz  slip  produced  by  Glasrock  Products,  Inc.  (Reference,  Code  Ho.  2>B.l) 
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BOEIKG  -  Seattle 


FUSION  WELDING  CUPS 


"Fheise  cups  were  machined  from  American  Lava  Company's 
"Lava  A." 


'age  k5h  EIHIBIT  ? 


COlfVAIH  -  Fort  Worth 


Ceramic  electric  heated  stretcher  form  for  stretching  .000  inch  thicicness  titanium  at  1100  F. 
cement  and  foam  block  construction  with  heating  elements  and  steel  reinforcing  plate  attached 
25D.1  and  25E.1) 


CONVAIR  -  Fort 


Worth 


Ceramic  electric  heated  stretcher  form  with  .080  Inch  thickness  titanium  stretched  and  trimmed  part.  Form¬ 
ing  temperature  1100  F.  "Glasrock"  cast  cement  and  foam  block  construction  with  heating  elements  and  steel 
reinforcing  plate  attached. 


Ceramic  electric  brazing  fixture  for  brazing  compound  contour  stainless  steel  ,Danels.  "Glasrock"  east 

cement  and  foam  block  construction  with  plenum  chamber  attached  and  cooling  slots. 
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COirVAIH  -  Fort  Worth 


Cor!5)Ound  contour  stainless  steel  panel  for  B-58  brazed  on  "Glasrock"  ceramic  fixture  with  electric  resistance 
strip  heating  elements  both  above  and  below  panel  assemblj-. 


COKVAia  -  Fort  Worth 


"GlasrocR"  ceramic  electric  brazing  fixture  for  brazing  compound  contour  B->8  stainless  steel  panels 
assembly  ready  for  brazing  is  shown. 


Complete 


This  photograph  sho’^s  a  braze  box  for  brazing  stainless  steel  honeycomb  panels.  Note  that 
no  ceramic  liner  is  used.  The  relationship  between  the  envelope  assembly  and  the  steel 
flange  is  being  checked  to  as;:ure  the  weight  of  the  top  half  of  xhe  box  will  be  carried 
with  the  proper  clearance  (Reference,  Code  25A.1). 


rZvrilBIT 


LOCKHEED  -  Marietta 


Fig.  13 


This  photograph  shows  the  lover  half  of  a  braze  box  which  utilizes  one-piece  east  cerfutiic 
liner  construction,  and  a  cast  one-piece,  gi'ooved,  reference  surface.  The  mating  top  half 
of  this  box  is  identical  to  the  lower  except  for  the  offset  between  the  reference  surface 
and  the  steel  flangej  and  the  location  of  the  coolant  manifold,  which  is  at  the  opposite 
end  in  the  upper  half.  The  liner  is  50"  x  64"  x  lU"  overall  height  and  has  a  wall  thickness 
of  4"  at  top  with  a  10°  draft  angle.  The  material  has' withstood  repeated  thermal  shock  as 
a  result  of  injecting  fog  through  the  grooves  and  flashing  it  to  steam  for  cooling. 
(Reference,  Code  25A.1) 
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LOCKHEED 


-  Marietta 


This  photograph  shows  a  female  cerandc  reference  block  as  it  appears  with  the  top  assembly  rctiovedi 
This  cast  ceramic  braze  tool  is  h”  thick,  minimum;  30”  wide  and  60”  long.  (Reference,  Code  25A.1) 


LOCKHEED  -  Marietta 


This  photograph  shows  the  top  assembly  which  le  a  part  of  the  tool  in 
Figure  14.  It  is  upside  down  on  a  work  stand.  Note  that  a  castable 
ceramic  has  been  used  to  "dog-lo"  the  ceramic  reference  hlock.  (Reference, 
Code  25A.1) 


This  photograph  was  taken  through  the  opening  provided  for  the  blower.  This  is  the  assembly 
of  coinponents  shown  in  Figures  l4  and  I5.  The  ribbon  elements  were  operating  at,  16OO  F. 


li^KHBSD  -  Merfetta 


Ceraiiiic  orBZ^  fixture  dovn  for  repairs  to  ribs,  (reference,  Code  2!?A.i) 
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EXHIBIT  7 


This  photograph  shows  one  of  the  i'our  segments  of  a  ceramic  reference  block  which  was 
to  he  used  for  the  lower  tool  surface  for  brazing  a  B-70  panel.  The  upper  (male) 
sections  have  also  been  successfully  castj  E.nd  technic ues  have  been  developed  for 
making  repairs  to  ribs.  Plaster  cores  are  used  to  form  the  grooves  for  the  heating 
elements  and  for  cooling.  The  block  shown  Is  11"  thick  at  the  center  and  1&"  thick 
at  the  edges.  It  is  64"  wide  ty  60"  long.  (The  reference  surface  is  cast  with  a 
diuLenslonal  accuracy  of  .030"  which  is  good  enough  since  final  sizing  of  the  panel 
occurs  i’n  a  subzero  transformation  fixture  and  duriiig  the  aging  of  the  PHi5-7Ho  panel 
This  tooling  ia  designed  for  cooling  by  steam  generation.  The  pluiribing  is  sitdlax  to 
that  shown  in  Figure  13.  (Reference,  Codes  25D.1  and  2>E.l) 


LOCKHEED  -  Marietta 


This  photograph  shows  the  B-70  hot, forming  and  braze  tooling  being  installed,  The  braze 
box  for  tooling  of  the  shown  in  Figure  l3  Is  at  the  right.  The  continuous  surface 

ceramic  hot  foirrlng  block  is  shown  assembled  in  the  hot  forming  box  at  left.  This  ceramic 
tool  is  6!j "  vide  x  240"  long  and  is  made  up  of  four  6o"  long  sections  in  the  same  manner  as 
for  the  braze  tooling.  Since  vacuum  pressure  is  applied  to  the  surface  of  the  block  during 
the  1900  F  forming  of  a  skin  or  face  sheet,  the  hot  bearing  load  of  the  ceramic  is  conslaer- 
abie.  (Reference,  Codes  25D.1  and  25E.1] 
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REPUBLIC 


Heat  treat  fixture  used  succesafully  for  L7-7PH  channel  sections, 
position  of  ceraaic  Is  essentially  a  phosphate  "bonded  z-ircon  niodif 
slightly  from  that  used  in  brazing  fixtures. 


Creep  forming  tool.  This  Ls  a  forerunner  of  s'.ihseq.uent  tooling  to  he  used  for  forming 
Inconel  X  and  Rene’  4l  parts  at  elevated  temperatures.  Cerand.c  is  fused  silica  glass, 
hacked  by  fused  silica  foam  blocks. 


REPUBLIC  -  Parmingdale 


Fig.  23 


REPUBLIC  -  FaniiLngdaie 


Kirkslte  drop  hax uer  die  (front)  showing  ceramic  impregnated  asbestos -glass  paper  used  as 
parting  media  for  casting  Kirkslte  punch.  Ceramic  laminate  is  applied  directly  to  die 
(thickness  equivalent  to  part  to  be  ultimately  formed)  and  aioitea  K.rksite  poured  directly  on 
to  it.  Punch  in  rear  of  photograph  is  shown  immediately  after  It  has  been  cooled  and  removed 
from  die. 
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X.OCKHEED  AmCRAPT  CORPORATION 


O  CO  R  a «  A 


November  I96O 


oionatA 


Gentlemen; 

VJe  are  now  in  the  process  of  compiling  data  for  the  final  report 
on  "Non-Metallic  Tooling  for  High  Temperature  Applications"  under 

AF  33(600)36888. 

This  work  began  with  a  "state  of  the  art"  survey  as  reported  in 
Pages  h  thru  7  of  Heport  No.  1,  June  thru  October  1958. 

It  seems  fitting  now  to  conclude  this  contract,  some  two  and  one 
half  years  later,  with  another  "state  of  the  art"  survey. 

We  are  aware  of  some  truly  outstanding  developments,  by  other 
companies,  in  the  field  of  ceramic  brazing  tooling,  heat  treating  tooling, 
hot  sizing  tooling,  and  ceramic  forming  tooling. 

It  is  our  desire  to  summarize  this  work,  mainly  with  photographs,  so 
that  the  total  effort  In  ceramic  tooling  development  might  become  mutually 
beneficial  to  all  of  you  who  receive  these  reports. 

Please  send  us  photographs  which  in  general  represent  your  own 
accomplishments  to  date.  A  short  narrative  description,  including  Identity 
of  ceramic  used,  is  also  needed.  This  industry-wide  experience  will  be 
published  In  January  I96I, 

Very  truly  yours, 


LOCKHEED  AIRCPAPT  CORPORATION 
GEORGIA  DIVISION 


R.  C.  Stewart,  Manager 

r-fanufacturlng  Research 
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Ceramic  Branch 
Atlanta,  Georgia 
ATTNi  J,  D.  Walton  (2  copies) 

27.  GLa-sx-uuk  Corporation  (2  copies) 
1101  Glidden  Street 

Atlanta,  Georgia 

ATTN:  Ton  North,  Vice  President 

28.  Gladding,  KcBean  &  Company 
Technical  Ceramic  Division 
1551  South  Pi'iiarose  Street 
Monrovia,  California 

ATTN;  P.  C,  Arrance,  General  Mgr. 

29,  Gladding,  McBean  St  Company 
Refractories  Division 
2901  Los  Fellz  Blvd. 

Los  Angeles  39,  California 
A.TTN;  Julius  ICayser ,  Manager 

Research  and  Development 

30,  A.  P,  Green  Fire  Brick  Company 
Mexico,  Missouri 

ATTN;  T,  J,  Kennedy 

Engineering  Department 

ji.  iP'irblson-V/alker  Refractory  Co. 

307  Fifth  Avenue 
Pittsburgh  £2,  Pennsylvania 
AITNs  E,  E,  Birch 

Director  of  Research 

32.  Har bison -Walker  Refractories  Co, 
Garber  Research  Center 
P.O.  Box  98037 
Pittsburgh  27,  Pennsylvania 
AlNTUs  d'^  ?.  King 

33 •  Hastings  Plastics,  Inc. 

1551  Twelfth  Street 
S-nta  Monica,  California 
ATTN:  No  K.  Hastings 

34.  Illinois  Clay  Ihroducts  Company 
63  North  Chicago  Street 
Joliet,  Tlliriois 
ATTii:  Jack  Veale 
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35*  International  Nickel  Co.,  Inc. 

67  Wall  Street 
New  York  5 >  New  York 
A'TTN:  E.  L.  Fowler 

Mechanical  Engineering 

36 .  John  c -Many i 1 le 
Reeearch  Center 
Manville,  New  .>,reey 

ATTN;  W.  K.  KacAlpine,  Manager 
Industrial  Insulations 

37.  Kaiser  Refractories  &  Cheiaicals  Div, 
Kaiser  Aluminum  &  Chemical  Corp. 
Mexico  Works 

Mexico,  Missouri 
ATTN .  F .  Ralne 

Associate  Director  of  Research 

38.  Kaiser  Refractories  &  Chemicals  Dlv, 
7*+0  East  12th  Street 
Chattanooga  1,  Tennessee 

ATTN:  J.  A.  Jackson 

39*  Magnolia  Plastics,  Inc. 

35^7  Peachtree  Industrial  Blvd. 
Chamblee,  Georgia 
ATTN:  W.  P.  Emerson 

I'O.  Mellon  Institute 
4100  5th  Avenue 
Pittsburgh  13 ,  Pennsylvania 

41.  McConnell  Sales  &  Engineering  Corp. 
P.O.  Box  5825  -  Homewood  Branch 
Birmingham  9>  Alabama 

ATTli:  C.  T.  ^ScConnell 

42.  Missiles  and  Rockets 

1001  Vermont  /.venue,  N.  W. 

Washington  Sj  D.  C. 

ATTN:  John  P.  Judge 

As.soclate  Editor 

43.  Narnico  Materials  Divivion 
600  Victoria  Street 
Costa  Mesa,  California 

44.  National  Carbon  Corapany 
Division  of  Union  Carbide  Corp. 

270  Pari:  Avenue 

New  York,  New'  York 
ATTN :  R .  D ,  Whetstone 


45.  National  Carbon  Company 
Division  of  Union  Carbide  Corp. 

P.O.  Box  196 

Birmingham  2,  Alabam 
ATTN:  J.  G.  McMahon 

46.  North  American  Refractories  Co. 
National  City  East  6th  Building 
Cleveland  14,  Ohio 

ATTN:  Eli':er  A.  Starkey,  Cerar.iic  i 
Technical  Services  Dept. 

(2  copies) 

47.  North  State  Pyrophyilite  Co:;ip>any 
Greensboro,  North  Carolina 
ATTN:  D,  E.  Stapnens 

48.  Norton  Coiapany 

1  New  Bond  Street 
Worcester  6,  Massachusetts 
ATTN;  Dr.  Neil  N.  Ault,  Asst.  Dire 
of  Research  and  Development 

49.  Norton  Coiiipany 
320  Bass  Road 
Chattanooga  11,  Tennessee 
ATTN;  Willlaia  D.  Leetch,  Jr. 

Refractories  Engineer 

50.  H.  K.  Porter  Company,  Inc. 
Refractories  Division 
Christy  Works 

4705  Ridgewood  Avenue 
St,  Louis  16,  Missouri 
ATTN:  W.  L.  Fabianic,  Vice-Preside 
and  DirecT.Oi’  of  Boscarcli 

51.  R.  M.  Scott 
4619  Druid  Lane 
Dayton  39?  Ohio 

52.  Plibrico  Conpany 
1600  Kingsbury  Street 
Chicago  l4,  Illinois 

ATTN:*  G.  A.  Sellers,  Vice-Pi-esidon 
Research  -  Manufacturing 

53.  The  Karat ite  Company 

Division  of  the  S.  Oberi,iayer  Co, 
2563  West  iBth  Street 
Chicago  8,  Illinois 
ATTN:  George  V.  Campbell 
Vice  President 
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'i,k„  Refractory  Spcfcialties  Ccaipany 
2200  Washington  Avcnua 
Philadelphia  h6,  Pennsylvania 
ATTN:  C,  R»  Enoch,  Cerairiic  Engineer 

55.  Richard  0.  Reni.'iey  Son  CoBipany 

Hedley  Street  and  Delaware  River 
Philadelphia  3T«  Pennsylvania 
ATl’N;  K",  Rnsnel].,  Sales 

56.  The  Rotinson  Clay  Product  Conipany 
Altron  9,  Ohio 

ATTN;  F,  B»  lithens.  Sales  Dept, 

57*  Rntgers  University 

The  State  College  of  New  Jersey 
College  of  Engineering 
School  of  Ceramics 
Hew  Brunswick,  Few  Jersey 
ATTN;  J,  H,  Koenig,  Director 

53.  SeLas  Corporation  of  America 
Dresher,  Pennsylvania 
ATTN;  R,  C,  leMay  (2  copies) 

59 •  Shenango  Refractories 

Division  of  Shenango  China,  Inc, 

P,0.  Box  120 

Hew  Castle,  Pennsyl'mnia 

ATTN;  W,  S,  Emley,  Sales  Manager 

60 o  Sheridan<=Crey,  Inc, 

24701  Crenshaw  Blvd, 

Torrance,  California 

ATTN”  landoaR,  Cray,  President 

61,  Sher idari=Grey,  Inc, 

24701  Crensliaw  Blvd. 

Torrance,  California 
ATPK;  C,  Fransee 

Vice  President  Sales 

62,  State  University  ol  New  York 

College  of  Ceiarnos  at  Alfred  University 

Alfred,  Hew  York 

ATTII:  'j,  B.  Tinkiepau;-h 

Assist'-int  to  the  Director  of 
Research  ond  Pi-oject  Director 

63,  The  Chas,  Taylor  Sons  Company 
P,0,  Box  53  -  Aiiuex  Station 
Cincinnati  14,  Ohio 

ATTN;  Aialsoa  Maupin,  Sales  Mgin 


64.  Tile  Council  of  America,  Inc. 
Research  Center 

P.O.  Box  326 
Princeton,  Hev  Jersey 
ATTN:  J.  V,  Fitzgerald 
Research  Director 

65.  Titaniu-n  Alloy  Manufacturing  Div. 

Hyde  Fai’k  Boulevard 

Niagara  Falls,  New  York 

A.TTK:  A,  J,  Ilathway,  Sr,  Ceramist 

66.  USI  Clearing 

Division  of  U.C.  Industries,  Inc. 
6499  West  65th  Street 
Chicago  3&,  Iii.inois 
xtTTN;  Phil  Delmer,  Sales  Mgr. 

67.  United  States  Gypsum  Company 
300  West  Adaias  Street 
Chicago  6,  Illinois 

ATTN;  M.  K.  Young,  Marketing  Mgr. 

68.  Universal  Atlas  Cement 
Division  of  U.S,  Steel  Corp. 

ICG  Park  Avenue 

New  York  New  York 
ATTN;  Ft  E,  LoPaugh,  Manager 

Luranite  Soles  and  Service 

69.  Universal  Atlas  Cement 
Division  U.S.  Steel  Corporation 
Research  laboratories 

Gary  (Erfi'ingrtori  Station),  Indiana 
ATTN;;  Dr.  V/.  C..  Hansen,  Director 
Resettren  iBi-oratorleB 

70.  S.  Paul  VJard  ,  Inc. 

6oi  MisElon  Street- 

South  Pasad-ena,  California 

ATTN;  Mark  Gwes+zsr,  Ceramic  Engr, 

71.  Fred  D.  Wrlgnt  Cc.,  Inc. 

77  T  C  TT.--  ■  . .  -k 

Aj ,'iV  t~t  fcft;  V 

IfeBrivilis ,  Tennessee 

72.  Zirconiu’;  Corporation  of  America 
Solon,  Ohio 

ATTl :  S;  r- .  ^--erdd,  S-;rle3  Mgr  • 


